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CHAPTER 1 
GENERAL INTRODUCTION 
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As early as the end of the 19th century, reproductive disorders were reported among 
workers occupationally exposed to lead.1 It was only in the seventies, that the inte-
rest in the reproductive effects of occupational exposures and conditions became 
substantial. Research of external influences on reproduction was stimulated by the 
discovery of the reprotoxicity of a number of agents, including therapeutic drugs 
(thalidomide,2; diethylstilboestrol (DES),3) and occupational chemicals to which men 
and women are exposed in the workplace (anaesthetics,*; dibromochloropropane 
(DBCP),5)· Since 1978, reproductive safety has been regarded as a crucial element in 
the Dutch standard- setting procedure concerning chemical exposure in the workpla-
ce.6·7 Adverse reproductive outcomes were called the occupational health issue of the 
1980s.8 
Reproduction covers the whole span from gonadal development to reproductive 
capacity and quality of offspring. Adverse reproductive effects include menstrual 
disturbances, problems in conceiving, fetal loss or fetal death, pregnancy complica-
tions or growth disturbances, and developmental (morphological and functional) dis-
orders in offspring. Occupational exposures, chemical or otherwise, may induce cell 
damage in any fase of development from germ cell to mature child or may induce its 
effect by disturbing hormonal regulation of the reproductive process. The liming of 
exposure (preconceptional, periconceptional, postconceptional, and even postnatal 
during lactation) is crucial for its effect. 
The route of occupational exposure may be either male or female. Exposures of 
the male during the period of pregnancy and lactation may also reach the embryo, 
fetus, or breastfed newborn via semen through the cervix or by contact of the mother 
with contaminated clothing; however effects cause by female exposure are more 
likely in these periods.9·10 
A harmful exposure may be associated with more than one reproductive outcome, 
as these are interrelated. For example, if an exposure increases the risk of malforma-
tions incompatible with fetal survival, this will not be recognised if only develop-
mental disorders in the offspring are studied. If an exposure increases the risk of fetal 
death, and malformed fetuses are particularly susceptible to this adverse influence, 
the result is a decrease in the incidence of malformations observable at birth.11·12 
When the actual effect is dose-dependant this might lead to the so-called inverse-
dose-response-relations ('the dose-response fallacy').13 
Literature searches performed in the early eighties indicate that with respect to 
reproductive health, hospitals are among the suspected work environments.14·15 Hos-
pitals employ many female workers of reproductive age. At the same time many 
biologically active chemicals and physical agents are used within the hospital envi-
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ronment. In addition, much hospital work involves shift work and a high physical 
workload. It is striking that most published studies on reproductive defects occur-
ring in hospital workers focus on nurses or other medical professionals with specific 
exposures like anaesthetics or antineoplastic agents. Hospital support staff have not 
been the subject of occupational reproduction research, although these workers may 
also be exposed to hospital-specific hazardous agents. 
This thesis focuses on reproductive hazards due to work conditions of female 
support staff at hospitals. The general objective was to assess the relationship bet-
ween occupational conditions and exposures of female clerical kitchen and cleaning 
staff in hospitals and the occurrence of reproductive disorders. 
First, available evidence from the literature was used to make this objective more 
specific. 
Chapter 2 addresses the literature on hospital working conditions in relation to 
adverse reproductive effects. Special attention is paid to ethylene oxide, a sterilising 
agent used in many hospitals and suspect for increasing the risk of spontaneous abor-
tion in exposed female workers. In Chapter 3 the data on the reproductive toxicity of 
ethylene oxide are evaluated considering the actual exposure level in hospital sterili-
sation units. In addition, the feasibility of an epidemiological study on occupational 
exposure of etylene oxide in female hospital workers and the occurrence of sponta-
neous abortion is addressed. 
The results of the literature study show that hospital support staff experience rela-
tively high levels of occupational physical activity, while the frequency and level of 
exposure to hospital specific chemical and physical agents is estimated to be gene-
rally low. Therefore the objective of the main study is to assess the relationship 
between occupational physical activity and reproduction in female hospital support 
staff. 
To this end, a prospective epidemiological study was conducted in a cohort of 
female clerical, kitchen, and cleaning staff at hospitals. The Chapters 5 to 7 deal with 
the association of several aspects of occupational physical activity with menstrual 
cycle, fecundability, the occurrence of spontaneous abortion, pregnancy duration, 
and birth weight. The small number of studies on fecundability published thus far 
mainly focus on the potential harmful influence of cigarette smoking and caffeine 
intake, and show equivocal results. To add to the evidence on these topics, Chapter 4 
deals with these issues based on the data from the cohort of female support staff 
where lifestyle characteristics were treated as potential confounders. Finally, in Chap-
ter 8, the study design, methods, and results are evaluated. 
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ABSTRACT 
The aim of this study was to identify occupational hazards for the reproductive 
health of female clerical, kitchen and cleaning staff at hospitals. The literature 
was searched for evidence of reproductive toxicity in relation with occupational 
hospital exposures in general and job-specific exposures of clerical, kitchen and 
cleaning workers. Potentially toxic agents and the working conditions were clas-
sified according to evidence of their disruptive potential. This classification was 
combined with information about the working conditions and occupational ex-
posures derived from interviewing 260 female clerical, kitchen and cleaning 
workers at 39 Dutch hospitals. The jobspecific conditions, in particular a high 
level of occupational physical activity, seem to be more hazardous for the repro-
ductive health of these workers than hospital-specific exposures. 
INTRODUCTION 
During the past decades it has become clear that occupational conditions and expo-
sures can have an adverse effect on human reproduction.13 Regulation of reproduc-
tive functions and germ cells can be affected before conception in both females and 
males. After conception, the susceptible period stretches over the whole period of 
pregnancy and lactation. Although it is imaginable that during these periods the male 
might also form an exposure risk to the embryo or fetus or to the newborn while 
breast-feeding (by semen through the cervix or by contact with the mother by conta-
minated clothing), exposure through maternal mediation is more likely.4 Depending 
on the part of the reproductive system affected, potential adverse outcomes included 
menstrual disorders, sub- and infertility, embryonic and fetal death, pregnancy com-
plications and morphological and developmental disturbances in the offspring.5 
Hospitals are among the most highly suspected work environments for occupatio-
nal reproductive hazards due to a combination of many biologically active agents 
and the large proportion of female workers. Till now studies on the reproductive 
health of hospital workers have mostly focused on medical professionals with a spe-
cific exposure, such as anaesthetics and antineoplastic drugs. In the present study, 
we discuss occupational risk factors for the reproductive health of female hospital 
support personnel, i.e. clerical, kitchen and cleaning staff. The subject was approached 
in two ways. First, potential reproductive hazards were reviewed that might be rela-
ted to characteristics of the work environment at hospitals, or to job -specific expo-
sures, or to the working conditions of these occupational groups. Secondly, actual 
exposure to these reproductive hazards was estimated by means of analysing inter-
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view data obtained in a study on early pregnancy outcome in these occupational 
groups. The outcomes of the two approaches were used to deduce specific hypothe-
ses about the actual reproductive health risks of female clerical, kitchen and cleaning 
staff at hospitals. 
METHODS 
Literature review 
The literature study was started by exploring two reviews on occupational expo-
sures and health hazards of hospital workers from the Dutch Ministry of Social Af-
fairs and Employment.6·7 In addition searches on Medline and Toxall were conduc-
ted over the years 1985 -1995 using the following keyword combinations: reproduc-
tion, occupational/hospital exposures, health occupations/personnel, cleaners, kit-
chen, clerical or allied health personnel, specific agents, such as anaesthetics, antine-
oplastic drugs, radiation, infections, noise, ozone, occupational physical activity, etc. 
Original studies and reviews written in English, French, German or Dutch were 
included. Papers that focused on the psychological or physical burden of patient care 
and shift work were not included. Some articles were traced through the references 
lists of reviews. As there were no exposure surveys on occupational exposures of 
clerical personnel, kitchen workers and cleaners at hospitals, general hospital sur-
veys were also included and extrapolated to the working conditions of the groups of 
interest. 
Exposure study 
From June 1987 to January 1989, female support staff, aged 18-39 years, at 39 Dutch 
hospitals who were planning to become pregnant during the forthcoming year were 
invited to participate in an epidemiological study on early pregnancy outcome. We 
approached 7000 women and estimated that 330 would meet the study requirements. 
The 283 actual participants represented a response rate of about 85%. However, 23 
out of the 283 eligible candidates did not belong to the occupational categories under 
study (cleaners, kitchen staff and clerical workers) and had to be excluded. 
At enrolment each participant was interviewed personally and data were recorded 
on a structured questionnaire. Information on the following occupational exposures 
was collected: 
- the hospital work environment in general, such as temperature, humidity and 
draught; 
- exposures specific to the hospital environment, such as disinfectants, medical 
drugs (antineoplastic drugs, hormones ) anaesthetics and radiation; 
- job-specific exposures such as detergents, photocopiers, video display termi-
nals, minor accidents (bums or bruises), noise, vibration and occupational phy-
sical activity. 
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In addition to these qualitative questions on specific exposures, the participants 
were asked about the amount and duration of exposure to obtain quantitative infor-
mation. This information was used to dichotomize each exposure variable into a 
binary exposure distribution: no or very low/short exposure versus moderate to high/ 
long-term exposure. 
RESULTS 
The group of 260 participants comprised 42 (16%) cleaners, 57 (22%) kitchen staff 
and 161 (62%) clerical workers. Table 2.1 shows the distribution of the occupational 
exposures in these three job categories. In the first part of this 'results' section, agents 
that are specific for the hospital environment and that are associated with the repro-
ductive health of workers are described. In addition the exposure risk of clerical, 
kitchen and cleaning staff is estimated and exposure data are presented when availa-
ble. In the second part of this section, exposures and work conditions, which are not 
related to the work environment, but are specific for the three job categories are 
considered in relation to reproductive health. 
Hospital-specific occupational exposures 
Anaesthetics 
Occupational exposure to anaesthetic inhalants was one of the first exposures that 
was suspected of affecting the reproductive health of support staff at hospitals. Se-
veral epidemiological studies have been published, but data are still inconclusive 
because of methodological flaws and a lack of quantitative and qualitative informa-
tion on exposure.8"10 A recent study on nitrous oxide exposure in female dental as-
sistants showed an elevated risk of reduced fertility and spontaneous abortion in 
women who had worked with nitrous oxide at dental offices without extractor equip-
ment for at least 5 and 3 hours per week, respectively.11"14 
The use of extractor equipment and the quality of operating theatre ventilation 
systems are major determinants for the level of exposure of hospital theatre staff. 
Exposure measurements showed that a considerable number of theatre staff was ex-
posed to anaesthetic agents in excess of current exposure standards.15 
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Table 2.1 Distribution (%) of occupational exposures in 161 clerical workers, 
57 kitchen workers and 42 cleaners at 39 Dutch hospitals 
Clerical Kitchen Cleaners 
Hospital-specific exposures 
Regularly in contact with: 
Anaesthetics 
Antineoplastic drugs 
Sterilising agents 
Gas-sterilised equipment 
Formalin 
Hexachlorophene soap 
Glutaraldehyde 
Other disinfectants 
Medical drugs in general 
Daily visit to: 
Operating theatre 
Oncology department 
Sterilisation unit 
Laboratory 
Pharmacy 
Radiology department 
Sometimes working with: 
Ionizing radiation 
UV light 
Ultrasound 
Micro/radio-wave 
0.6 
2.5 
1.2 
4.4 
6.3 
0.6 
0.0 
10.0 
8.7 
3.7 
0.6 
1.2 
19.3 
5.6 
9.9 
2.5 
1.2 
0.6 
9.9 
0.0 
8.8 
0.0 
0.0 
1.8 
0.0 
0.0 
3.5 
10.5 
0.0 
5.3 
3.5 
5.3 
3.5 
3.5 
0.0 
0.0 
0.0 
66.7 
0.0 
4.8 
2.4 
2.4 
2.4 
0.0 
0.0 
26.2 
9.5 
0.0 
2.4 
2.4 
7.1 
2.4 
0.0 
0.0 
0.0 
0.0 
7.1 
Job-specific exposures 
Regular exposure to: 
Vibration (> 1/2 hour/wk) 
Noise (> 1/2 hour/day) 
Detergents (yes/no) 
Hand-disinfecting agents 
Daily working with: 
Correction fluids 
Photocopiers 
Video display terminal (> 1/2 hour/week) 
Occupational Physical Activity 
Energy expenditure (high) 
Biomechanica! load (high) 
3.1 
11.2 
21.8 
6.9 
50.9 
49.7 
63.0 
11.8 
23.6 
28.1 
15.8 
93.0 
14.6 
28.1 
7.0 
0.0 
38.6 
47.4 
38.1 
4.8 
100.0 
13.9 
0.0 
0.0 
0.0 
28.6 
52.4 
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The literature does not provide information about exposure of non medical hospi-
tal workers to anaesthetic gases, but cleaning operating theatres might involve expo-
sure to anaesthetic gases. 
Only one of the participants in our survey, a clerical worker, reported contact with 
anaesthetic gases. A further 6 participants, also clerical workers, mentioned daily 
visits to the operating theatre during working hours, but they spent less than half an 
hour there (Table 2.1). 
Antineoplastic drugs 
Ten epidemiological studies have been published on the relationship between occu-
pational exposure to antineoplastic drugs and reproductive hazards. One study per-
formed in Denmark did not find any effect on the occurrence of spontaneous abor-
tion, congenital anomalies, low birth weight, premature birth or the sex ratio.16 Four 
studies (in Finland and France) showed an elevated risk for the occurrence of spon-
taneous abortion,17"20 although the results of two Finnish studies18·19 were not statisti-
cally significant. Two studies mentioned malformations in the offspring (Finland, 
Canada),21·22 one mentioned ectopic pregnancy23 (France) and two a non-significant 
risk of low birth weight (Denmark.France).24·25 Schaumberg also reported an eleva-
ted nonsignificant risk for prematurity in a very small number of exposed workers.24 
Several studies indicated that preparation rooms were contaminated with antineo-
plastic drugs and that sufficient doses were absorbed by the personnel to produce 
increased levels of mutagenicity and/or drug metabolites in the urine.25"28 Handling 
antineoplastic drugs can lead to the inhalation of airborne particles, percutaneous 
absorption or accidental ingestion during their preparation or administration, but 
also bears the risk of exposure during cleaning and disposal of excreta of patients.29" 
32
 Therefore cleaners, who work in oncology units are potentially at risk for exposure 
to these agents. Exposure of clerical staff to antineoplastic drugs seems very unlike-
ly. A total of 11 participants in our survey reported contact with antineoplastic drags: 
4 clerical, 5 kitchen, and 2 cleaning workers (Table 2.1). Two of them spent less than 
half an hour daily on the oncology wards. Three other participants, one clerical, one 
kitchen and one cleaning worker reported daily visits to the oncology department, 
without coming into contact with antineoplastic drugs. 
Pharmaceutical aerosols 
Concern about occupational exposure to pharmaceutical aerosols used for the trea-
tment of pulmonary diseases, has centred around two antibiotics, ribavirin and pen-
tamidine. Ribavirin, frequently used in infants with pulmonary diseases, has shown 
teratogenic properties in animal studies.33 One study on pentamidine, used in AIDS 
patients with pulmonary infections, showed embryo toxicity in rats.34 We did not 
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find any epidemiological studies on the reproductive effects of exposure to pharm-
ceutical aerosols. 
Exposure to aerosols among health care workers can be considerable, but it will 
probably go unnoticed due to the nature of the product. Exposure levels will depend 
on the mode of aerosol administration, delivery devices and the adequacy of extrac-
tor and room ventilation equipment.33,35 
Cleaners and kitchen staff who work in the environment of patients being treated 
with aerosols run the risk of exposure. As this hypothesis had not yet been forwarded 
at the time of the survey, no specific information was obtained on actual exposure. 
Ethylene oxide (ETO) 
In three epidemiological studies on the reproductive effects of ETO, exposed fe-
male workers (in a production plant, a general hospital sterilisation unit and dental 
offices) showed an increased risk for spontaneous abortion.3*"39 Rowland also repor-
ted an increased risk for prematurity and post-term pregnancy, but exposure infor-
mation was limited.39 
At hospitals, ETO exposure may occur in sterilisation units and through degas-
sing from sterilized objects during storage. For an extensive review, including origi-
nal data, we refer to Florack et al who addressed exposure levels in sterilisation units 
at hospitals that were in excess of exposure standards.40 
Exposure of clerical, kitchen and cleaning staff at hospitals is considered very 
unlikely. Nevertheless three of our participants reported contact with sterilizing agents 
and a further 8 reported contact with gas-sterilized equipment The latter group com-
prised 7 clerical workers, 1 cleaner who had also reported contact with sterilizing 
agents. Five participants entered the sterilization unit daily and one of them reported 
contact with sterilizing agents. We did not ask specifically about contact with ETO. 
Glutaraldehyde 
At hospitals, glutaraldehyde is used as a cold sterilisation and disinfectant solution, 
in particular for endoscopes and as a hardening agent for emulsions in certain x-ray 
developing solutions.41 A slightly increased occurrence of spontaneous abortion was 
indicated by Hemminki et al among exposed workers, but this has never been confir-
med by other studies.42 
The literature showed that nurses who disinfect equipment may experience short 
but frequent exposure to glutaraldehyde by vapour and fluid contact Exposure is 
also possible for those who work in rooms where open glutaraldehyde solutions are 
handled. A study performed at 14 hospitals in south east England indicated that rou-
tine exposure of hospital workers to airborne concentrations of the compound did 
not exceed current exposure standards.41 
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Although three participants in our survey reported contact with sterilizing agents, 
none of them gave a positive answer to the question about contact with glutaraldehy-
de (Table 2.1). 
Disinfectant soaps 
In the late seventies, a Swedish study has suggested a link between the exposure of 
pregnant female workers to hexachlorophene (a substance in disinfectanüng hand 
soaps) and malformations in the offspring.43 These findings have never been confir-
med.21 Most countries, including the Netherlands, consider hexachlorophene to be 
safe for regular use. 
In general, it is unlikely that clerical, kitchen and cleaning staff will wash their 
hands with hexachlorophene-containing soaps. No data exist on reproductive toxici-
ty of other disinfectants (e.g. phenyl phenol, isopropanol). Only one participant in 
our survey reported that she sometimes washed her hands with hexachlorophene 
soap, while 8 were not sure about it. 
Organic solvents 
The association between maternal occupational exposure to solvents and reproducti-
ve effects has been studied in a wide variety of occupational groups.44·45 Studies on 
specific solvents, such as xylene and formaldehyde which are used at pathology and 
histology laboratories, showed associations with spontaneous abortion.19 Formalin 
(a solution of formaldehyde in water) is used at pathology laboratories as an embal-
ming agent and for preserving anatomical specimens.46 Formaldehyde, both in its 
liquid and gaseous state, is also used as a disinfectant in sterilisation units, renal 
transplant centres, etc. One study reported the incidental use of formaldehyde by 
cleaners performing disinfection duties.47 There may be a low level risk of exposure 
to organic solvents, including xylene and formaldehyde, among cleaning staff at 
laboratories and specific departments. Exposure levels will depend on the ventila-
tion equipment and working methods. 
In our survey, we only collected information about exposure to formalin. Twelve 
participants, 10 of whom were clerical workers, reported exposure (Table 2.1). A 
further 37 participants reported that they entered a laboratory daily during their work; 
5 of them reported contact with formalin. 
Ionising radiation 
Germ cells, embryos, fetuses and tissues with rapid cell division are very sensitive to 
ionizing radiation.4850 Most of the information about the effects of prenatal exposure 
has been obtained in studies on the survivors of the atomic bombs in Japan.5155 In an 
explorative study on parental exposure and mental retardation in offspring, maternal 
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occupational exposure to radiation (in the seventies and early eighties mainly in 
health care workers) was identified as a potential risk factor.56 
At hospitals, ionising radiation is used in many ways (i.e. for diagnosis, treatment 
and research). Personnel who work with ionising radiation at hospitals are specially 
trained professionals who follow strict safety rales and use personal monitoring and 
protective devices.57·58 The risk of exposure to other workers is negligible. In our 
survey, two participants said that they worked with radiological equipment, while 18 
(predominantly clerical workers e.g. outpatient-clinic assistants and secretaries) sta-
ted that they spent less than half an hour daily at the radiology department (Table 
2.1). 
Non-ionising radiation 
Non-ionising radiation is used at hospitals in devices that produce high frequency 
electromagnetic radiation, for example by physiotherapists in diathermic treatment. 
In a case referent study in Denmark on physiotherapists who were exposed to low 
levels of high frequency electromagnetic radiation, a dose-related reduction in the 
male sex ratio was found.59 No convincing associations have been reported between 
exposure to high frequency electromagnetic radiation and other pregnancy outco-
mes, apart from a borderline elevated risk for congenital malformations.59"62 
The magnetic fields and radio-frequency radiation used in magnetic resonance 
imaging (MRI) at hospitals are also a source of non-ionising radiation.63 An epide-
miological study in the United States did not show more infertility problems, low 
birth weight infants or spontaneous abortions in female MRI workers than in other 
workers.64 
Exposure of clerical workers, kitchen staff and cleaners to these sources of non-
ionising radiation is very unlikely. In our survey, no information was collected about 
these exposures. 
Infections 
Maternal infection may lead to intra-uterine infection of the fetus and be detrimental 
to growth and development and consequently lead to developmental disturbances. In 
addition the transmission of infections to the fetus during delivery is possible. The 
risk of infection of the mother and the fetus varies with the microbe and with the 
mother's immune state.65 At hospitals, the risk of infection is particularly high for 
health care workers.65,66 There are no reports in the literature on the reproductive 
effect of infections in hospital workers or on the risk of infection of hospital support 
staff. In our survey, no information was collected about infection risk. 
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Climatological conditions 
From an occupational health point of view, the climatological conditions at hospitals 
are far from optimal. In general, the temperature is too high and the humidity is too 
low. Cleaners will be exposed to temperature changes, while kitchen staff will expe-
rience a hot and humid environment plus temperature fluctuations. Data from expe-
rimental animal studies and fever during pregnancy indicated that body temperature 
elevations to 38.9°C or more may increase the risk of spontaneous abortion and mal-
formations. In contrast, studies that examined extreme exercise or the use of saunas 
or hot tubs by pregnant women showed that body temperature did not become eleva-
ted to the suspected teratogenic level.67,68 The literature does not contain any studies 
on the association between occupational climatological conditions or working in hot 
environments and reproductive effects. 
In our survey, about 50% of the participants reported that it was usually too warm 
during their work; about two thirds said that it was too dry and about 20% suffered 
from continuous draught. These percentages differed very little between the three 
job categories. A too humid work environment was only mentioned by some of the 
kitchen workers. 
Job-specific exposures 
Clerical staff 
Potential reproductive health hazards specific to the occupational conditions of cle-
rical staff include working with video display terminals, photocopiers, printers, etc. 
The majority of epidemiological studies on the association between working with 
video display terminals and adverse pregnancy outcome could not reveal a relations-
hip.67·69'76 Photocopiers and printers are responsible for producing ozone in the office 
environment. Experimental animal studies indicated that chronic and relatively high 
ozone exposure had an adverse influence on reproduction.77·78 No reports have been 
published on the potential effects of ambient ozone levels on human reproduction. 
Correction fluids may also carry a risk because they contain organic solvents. Howe-
ver, exposure levels will be very low. 
In our survey, 50% of the clerical staff reported daily contact with correction fluids 
and photocopiers; 63% used a computer for more than half an hour per week (Table 
2.1). It should be noted that the survey was performed in the late nineteen eighties, 
just before it became widespread to use office computers and laser printers. 
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Kitchen staff 
Specific occupational conditions of kitchen staff that are potentially connected to 
reproductive health hazards are a noisy environment, the frequent use of microwave 
ovens and heavy physical work load. Several studies suggested that high noise levels 
(85 dBL
 (8h) or more), may be associated with an elevated reproductive risk, espe-
cially low birth weight79"** Microwave ovens will involve low level exposure to 
microwave frequency electromagnetic radiation. There is no evidence that these ra-
diation exposure levels represent a reproductive hazard.85 Aheavy physical workload 
is another specific characteristic of kitchen staff. Several studies showed an associa-
tion between a heavy physical work load and adverse reproductive outcome, inclu-
ding our own study on this specific occupational group. The strongest evidence con-
cerns an effect on gestational age.86'90 There is less evidence about an adverse in-
fluence on fetal growth.88 Studies have shown contrasting results regarding an eleva-
ted risk for spontaneous abortion. The effect seems to depend on the type and amount 
of exertion and the occupational situation.18'61'91"97 
In our survey, 16% of the kitchen workers reported that they have to work for 
more than half an hour per day, while exposured to noise (at a level non-compatible 
with conversation); 67% reported working with a microwave oven and 40% repor-
ted an occupational physical activity level that could be considered high, both in 
terms of energy expenditure and biomechanical load. 
Cleaners 
A heavy physical work load, cleaning agents and cumbersome machines are poten-
tial reproductive hazards specific to cleaning staff. We did not find any studies on the 
reproductive effects of chemical exposures related to cleaning work. Disinfectants 
with potential reproductive effects have already been considered in the section on 
hospital- specific exposures. For cleaning jobs like scrubbing floors, machines will 
be operated which may expose the cleaner to vibration. The literature does not con-
tain vibration exposure data on cleaners, or evidence for a reproductive effect of 
exposure. The potential reproductive hazards of a heavy physical workload have 
already been considered in the paragraph on kitchen staff. 
In our survey, about 40% of the cleaners reported regular exposure to vibration. 
All the cleaners worked with detergents. In addition, the cleaners reported that a high 
energy expenditure was required to perform the occupational activities. Cleaning 
work was also associated with a heavy biomechanical load. 
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DISCUSSION 
The aim of this study was to formulate specific hypotheses about reproductive health 
risks of female clerical, kitchen and cleaning staff at hospitals. Therefore, potential 
reproductive hazards were reviewed in the literature and related to the specific cha-
racteristic of the work environment at hospitals, as well as to job-specific exposures 
and the working conditions of each occupational group. The information on poten-
tial reproductive hazards was combined with survey data on self reported exposures. 
Table 2.2 summarizes the evidence presented in this study. Two classes (probable 
and possible) were used to classify the agents and conditions according to the proba-
bility of an association with reproductive disorders. Agents which lacked evidence 
of reproductive toxicity were not included in the table. 
Our survey data showed that typical exposures for cleaners were disinfectants, 
vibration, detergents and a high level of physical activity. In kitchen workers, the 
typical exposure profile was vibration, detergents, noise, microwave ovens and a 
high level of energy expenditure and biomechanica! physical activity. Clerical wor-
Table 22 The classification of occupational exposures at hospitals according to their 
potential adverse reproductive effects and the exposure of clerical, kitchen and cleaning 
staff (study population) 
Potential reproductive Exposure reported by 
risk study population 
Hospital-specific exposures 
Anaesthetics ++ 
Antineoplastic agents ++ + 
Ethylene oxide ++ 
Glutaraldehyde 
Disinfecting soaps - + 
Organic solvents + + 
Ionising radiation 
Non-ionising radiation + 
Job-specific exposures 
Video display terminals 
Noise ++ 
Physical activity ++ 
+++ evident 
++ probable 
+ possible 
unlikely 
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kers were exposed to correction fluids, photocopiers and video display terminals. 
Only a few hospital-specific exposures were reported by more than 10% of the par-
ticipants in the three job categories (Table 2.1). 
The estimated exposures in our study population were combined with the classifi-
cation presented in Table 2.2 to identify the reproductive risks for these occupational 
groups. First, some validity aspects of the survey have to be discussed. 
It should be noted that the participants in our survey formed a specific group of 
female workers, i.e. they were planning a pregnancy and were certainly not repre-
sentative for these occupational groups at hospitals. At the same time, this group was 
very relevant for estimating the exposure of female workers in the reproductive pe-
riod. Moreover, the participants were working at 39 different Dutch hospitals, which 
represents a wide range of hospital working conditions. Therefore, exposure infor-
mation might be representative for female workers in these job categories at these 
hospitals. 
Information about occupational exposures was collected by interviewing the par-
ticipants and noting their responses on a structured questionnaire. The results from 
studies on the validity and reliability of using a questionnaire to measure occupatio-
nal chemical exposures and physical activity indicated that underreporting of chemi-
cal exposure is likely.98,99 We tried to improve the accuracy of the exposure data by 
collecting information not only by interviewing the participants about exposures to 
specific agents, but also by asking them about tasks and departments that they visi-
ted regularly.100 Obviously underreporting is still possible if the participants are una-
ware of specific occupational exposures. This was illustrated by the exposure data 
from our survey: the general categories 'medical drags in general' and 'other disin-
fectants' were reported more frequently than specific disinfectants and pharmaceuti-
cals. The data on physical occupational activity will be sufficiently reliable, because 
there was no need for very detailed information about awkward postures, which 
would probably have involved some degree of misclassification. 
It is worth noting that quite a number of the clerical workers who participated in 
our survey, reported potential exposure to chemicals and radiation. Instead of an 
artefact, this may be a reflection of a typical hospital situation, in which clerical 
workers are required to make visits to departments that use chemicals or some form 
of radiation. 
In summary, it seems justified to consider that our exposure information is relia-
ble and representative for female workers in these jobs at hospitals. 
This review of the literature in combination with an exposure survey revealed that 
chemical substances used in hospitals have been studied reasonable well with res-
pect to reproductive toxicity. Although some underreporting of exposure to specific 
agents is likely, the exposure of clerical, kitchen and cleaning staff to reprotoxic 
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chemicals appears to be very low. The same also applies to radiation. The literature 
review indicated that job-specific occupational exposures such as noise and occu-
pational physical activity, may disturb reproduction. It can be hypothesised that high 
occupational physical activity levels of hospital support staff pose a greater hazard 
for reproduction than hospital-specific exposures to chemical and physical agents. 
Further research into the reproductive health of women in these occupations should 
assess whether the level of occupational physical activity forms an actual risk. 
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ABSTRACT 
Animal and epidemiological studies on the reproductive toxic effects of ethyle-
ne oxide (ETO) were considered in relation to occupational exposure levels of 
ETO in the occupational environment of sterilisation units. Actual exposure 
levels in sterilisation units at Belgian and Dutch hospitals are presented and 
compared to data from recent studies conducted elsewhere. The animal studies 
did not match the actual exposure situation, involving a pattern of high peak 
levels and low time-weighted average levels. This may be the reason why epide-
miological studies show contrasting results; they suggest reproductive toxicity 
of ETO at actual exposure levels. However, human data are scarce. There is a 
need for animal studies with a design that reflects the actual exposure situation. 
Epidemiological studies on reproductive events are also needed and a multi-
country study would seem to be a possible approach, provided that the study 
design and data collection method are standardised. 
INTRODUCTION 
Ethylene oxide (ETO) is a very flammable, explosive and reactive gas. It has been in 
production since about 1920 and is used as a chemical intermediate in the production 
of ethylene glycol, (i.e. antifreeze), glycolethers, ethanolamines, soaps and other 
products. Pure ETO is used as a fumigant and sterilant in libraries, museums and 
archives and for the conservation of products, such as food commodities (cocoa, 
dried products, fish, flour, nuts), clothing, leather, cigarette tobacco, and also med-
ical equipment.1,2 
Since the late 1960s, many studies have been published on the health effects of 
working with ETO. Acute toxic effects of exposure have only been reported at very 
high exposure levels, which, in normal circumstances are not likely to occur. Re-
search has mostly paid attention to the health effects of the alkylating properties of 
ETO. It is a proven mutagenic in vitro as well as in vivo. Although the available 
evidence has been critisised, carcinogenicity is strongly suspected, taking all studies 
together.1,3·4 Also the reproductive toxicity of ETO seems to be accepted, but serverai 
issues still need to be solved.5 These are discussed in this paper, in particular: 
• What is the scientific basis for the reproductive toxicity of ETO and at what ex-
posure levels can effects be expected? 
• Can we expect reprotoxic effects from actual exposure at the work site? 
• Can the present occupational exposure limits (OELs) be considered to be a safe-
guard against reproductive toxicity? 
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EVIDENCE FOR REPRODUCTIVE TOXICITY OF ETO 
The alkylating properties of ETO not only implicate mutagenicity and carcinogeni-
city, but also reproductive toxicity.s·7 After fertilisation, the developing organism 
shows a very high level of cell division, migration and differentiation. Especially 
during these periods, DNA and other macromolecules are very susceptible to extra-
neous influences.8 
In experiments on mice, the pulmonary absorption of ETO is almost 100%. ETO 
is highly soluble in blood and shows rapid distribution throughout the body.9 It is 
very likely that after ETO has been absorbed by the body of the mother, it easily 
reaches the developing organism. If this results in DNA or other macromolecular 
alkylation, the developmental pathways may be disturbed. At an early embryonic 
stage this may lead to embryonic death (spontaneous abortion). Later on structural 
and functional disturbances may be expected.10 Unfortunately only a few studies 
have examined reproductive toxic effects after exposure to ETO; most of them are 
animal studies. 
Animal studies 
LaBorde and Kimmel11 exposed CD-I mice intraveneously to amounts of 150 and 75 
mg/kg b.w. per day during different periods of gestation. Effects were only observed 
at the level of 150 mg/kg/d. Administration on days 6 to 8 did not lead to maternal 
toxic effects but did lead to teratogenic effects in the fetus, for instance, reduced 
body weight and malformations. During the other periods of gestation, 150 mg/kg/d 
ETO intravenously induced toxic effects in the mother. 
Snellings studied Fisher-344 rats of both sexes that had been exposed to 180,59 
and 18mg/m3 ETO, 6 h/d and 5 d/wk, starting 12 weeks before fertilisation. During 
the cohabitation period of two weeks, exposure was continued for 6h/d, 7d/wk.12 
During gestation and 21 d after parturition, the female rats were again exposed 7d a 
week. In the highest exposure group the median number of pubs born was signifi-
cantly lower than in the control group. The same was true for the median number of 
implantation sites and the ratio of pubs born to the number of implantations. No 
adverse effect was observed at the 59 mg/m3 7 d/wk level. 
In a second study, Snellings et al. administered the same concentrations but only 
during days 6 to 15 of gestation for 6h/d.13 In the 180mg/m3 group the body weights 
of the fetuses were again significantly reduced. No gross external abnormalities were 
noted in either group; the group exposed to 180mg/m3 showed a greater number of 
distal thoracic vertebral centra variations in ossification, but the difference was not 
statistically significant. 
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The NIOSH reported two teratogenic studies, one with female Sprague-Dowley 
CD rats and one with female New Zealand white rabbits.14 They were exposed to 
270mg/m3 7h/d. In the rat study four groups were compared: (1) control group, (2) 
with ETO inhalation during Days 7 to 16 of gestation, (3) with ETO inhalation du-
ring Days 1 to 16 and (4) with exposure from 15 d before gestation until Day 16 of 
the gestational period. Toxic effects, such as decreased body weight, increased kid-
ney and spleen weight, were observed in the exposed dams, particularly in the fourth 
group. Fetal growth was reduced as well and the incidence of reduced ossification of 
skull and stemebrae were increased compared to the control group. No overt malfor-
mations were observed. In the rabbit study no reproductive toxic effects were ob-
served. 
Lynch et al. evaluated the spermatogenic function of male monkeys exposed to 0, 
90 or 180 mg/m3 ETO during 24 months 7 h/d 5 d/week.15 They found decreases in 
sperm counts and motility and an increase in drive range in all exposed groups com-
pared to controls. 
Generoso et al. exposed one group of female mice before mating and one group 
afterwards.16 In the mice exposed before mating, the exposure concentrations were 
2160mg/m31.5h/d on four consecutive days or 540mg/m3 6h/d for lOd spread over 
14d. The mice exposed after mating were exposed during different intervals of 1.5h 
to 3240mg/m3. The exposure before or after mating resulted in varying increases in 
the incidence of mortality among conceptuses. Exposure within 7h after mating sho-
wed the most significant effects. 
Generoso (quoted by Sun) also studied the effects of exposure to high concentra-
tions in male mice.17 Three groups were exposed to a cumulative dose of 3240 mg/ 
m3 ETO in three different ways: (1) 6 h to 540 mg / m3, (2) 3h to 1080mg/m3 and (3) 
1.5h to 2160mg/m3. The exposed males were mated with unexposed females. A dose 
response effect was observed. Embryonic loss occurred in group (3) six times more 
often than in group (1) and three times more often than in group (2). 
Epidemiological studies 
To date only two human studies have been published. Yakubova (quoted by the WHO) 
compared 57 female operators at an ETO producing plant in the USSR to 38 labora-
tory and 65 administrative workers.9 A non-exposed group of pregnant working 
women served as a control. The exposure levels were estimated to be below 1 mg/ 
m3, but measurements were not presented. The ETO operators had more pregnancy 
complications and a higher rate of spontaneous abortion. However, the number of 
subjects was small and both groups differed regarding several other occupational 
aspects. Therefore no conclusions can be drawn from this study. 
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A study of higher methodological quality was reported by Hemminki et al.18 In 
1980 they performed a retrospective study on the female staff of sterilisation units at 
Finnish general hospitals; nursing auxiliaries served as controls. Their most impor-
tant sources of information were the supervisory nurses. They gathered information 
on the exposure and supplied the names of the exposed female staff. Six months later 
they submitted questionnaires to the exposed subjects and controls. The supervisory 
nurses as well as the participants did not know the aim of the study. The questions 
referred to the reproductive history over the last 20 years and several potential con-
founding variables. No questions on actual exposure were included. The results sho-
wed a higher spontaneous abortion rate among ETO-exposed pregnant staff compa-
red to control staff. 
However, several methodological fallacies have been mentioned.19·20 Hemminki 
et al. answered the comments with new analyses.21 Again the rate of spontaneous 
abortions in ETO-exposed pregnancies was about twice that in non ETO-exposed 
pregnancies. Yet, several points of criticism still remain. 
Inference on available data 
The evidence available from the literature discussed above leads to the following 
statements: 
• Reproductive toxic effects in animals occur at higher concentration levels than 
other toxic effects. 
• The concentrations at which reprotoxic effects occur in animals is very high; 
human data suggest lower effect levels. 
• Besides females, males are also susceptible, at least in several animal species 
and at high concentrations; human data about male susceptibility are lacking. 
• The pattern of exposure in animal studies differs from the exposure pattern at 
the work site. 
In order to draw conclusions about the reproductive risks in the actual occupatio-
nal environment, it is necessary to take into account the OELs and the actual expo-
sures at the work site. 
OCCUPATIONAL EXPOSURE LIMITS (OELS) OF ETO 
The OELs for ETO have changed rapidly over time and show a large variation among 
countries. Many countries (i.e. USA, FRG, GDR, Sweden, Finland) enforce values 
of below 18mg/m3TLV-TWA (Threshold Limit Value—Time Weighted Average). In 
the Netherlands on the other hand, the OEL for ETO is still 90mg/m3 TWA, although 
proposals have been made by governmental agencies to reduce this limit to 9 mg/m3 
40 Chapter 3 
or even to 0.9mg/m . The Dutch Work Group of Experts is reluctant to propose a 
health-based occupational exposure limit, but has only made a risk assessment of the 
carcinogenic risk: a TWA of 0.9mg/m3 should correspond with a risk of 4 per 1 000 
workers exposed during a period of 40 years. 
The Short-Term Exposure Limit (STEL), based on a 15-min period, ranges from 
90mg/m3 in Japan to 1.8mg/ m in Bulgaria, Poland and the USSR.3 In the USA, the 
ACGIH22 recommends a limit value (excursion limit) of 9 mg/m3 (five times TLV-
TWA) for any time period. So far, the OSHA has not set a STEL standard. Most 
countries do not have STEL standards. 
ACTUAL EXPOSURE 
In the processing industry, closed ETO systems are used; therefore the risk of expo-
sure to ETO is generally low and confined to leakages and technical breakdowns. 
Hardly any information is available on the exposure risk in the food industry and in 
museums. Most attention has been paid to the employees in the sterilisation units at 
hospitals and in pharmaceutical industries. The majority of people working with 
ETO can be identified, including the possibility of direct contact with ETO.23·9 This 
paper also focuses on this group of workers. 
ETO exposure in sterilisation units shows very high peak levels and relatively low 
long-term, time-weighted average concentrations (background levels). Peak levels 
occur particularly during the unloading of the sterilizer. The frequency, height and 
duration of the peak levels and the height of the background levels depend on the 
number of sterilisation cycles, the ventilation system (local and general ventilation), 
work practices and the sterilising equipment itself.24 
Table 3.1 summarizes the exposure data in sterilisation units in Europe and the 
USA. Only studies published since 1984 which included information on the samp-
ling method used and the sampling time were selected. Besides the study by Laurent 
et al.25 in which ambient concentrations were only measured during special task 
performances with a duration of less than 15 min, all the studies reported a sampling 
time of about 8 h.24·26·31 The data confirm the typical exposure pattern of infrequent 
high short-term peak levels that result in comparatively low time-weighted average 
background levels. 
A study on Dutch and Belgian sterilisation units 
In 1987 we measured ETO exposure in the sterilisation units at six Dutch and Bel-
gian hospitals. A MIRAN (LOD = 0.9 mg/m3) infra-red analyser was used for the 
continuous measurement of stationary concentrations. Personal sampling of the per-
sonnel in the sterilisation unit was based on the passive gas diffusion principle and 
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was performed during an 8-h working day.32 The results are shown in Table 3.2. 
The highest 8-h-TWA (28mg/m3) and the maximum peak exposure level of 700 
mg/m3, were measured at the same department. At all the hospitals, the sterilisation 
operators showed the highest peak exposures and they were the only ones with de­
tectable 8-h-TWAs. At hospital no.5 it was not possible to detect any exposure. It 
should be mentioned that the personal samplers were not validated for exposure 
levels of below 10 mg/m3. In general, the concentrations measured by the MIRAN 
were higher than the results of personal sampling. The MIRAN was stationed near 
the steriliser, whereas the personnel, particularly the sterilisation operators, only came 
close to the equipment during short intervals of loading and unloading. 
Evaluation of actual exposure levels 
Our data as well as data from other authors show 8-hTWAlevels in sterilisation units 
in excess of the OSHA OEL-value of 1.8mg/m3. Also the proposed excursion limit 
of 9 mg/m3 is exceeded to a large extent However, at four of the six Dutch and 
Belgian hospitals the levels measured were lower than 0.9 mg/m3, i.e. the newly 
proposed Dutch Maximum Accepted Concentration (MAC). 
Table 3.1 Airborne ethylene oxide levels (mg/m3) in hospital sterilisation units 
Author Date Country No. Method of Date of TWA Highest 
of measurement study range peak 
units level 
Hansen 
Richmond 
Elliot 
Sarto 
Mouilleseaux 
Laurent 
Lahaye 
Karelova 
'84 
'85 
•88 
'87 
'83 
•84 
'84 
'87 
Wisconsin 
Nr 
Ohio 
Italy 
France 
Belgium 
Belgium 
Tschech. 
5 
9 
12 
1 
4 
? 
19 
? 
PP and SM 
Ρ 
PA 
Ρ and S 
S 
S 
Ρ and S 
S 
Nr 
'77-'80 
Nr 
'84-'87? 
'80 
'82-'84 
'81-·83 
'84 
<0.13-7.7 
1.8-72 
Nd-12 
0.7-17 
0.09-9 
Nr 
0.018-12 
Nd-4.8 
1431 
135 
Nd-185 
Nr 
414 
225 
477 
Nr 
Nr=Not reported SM=Stationary (MIRAN) S=Stationary 
Nd=Not detectable P=Personal 
PP=Personal (passive) PA=Personal (active) 
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Table 3.2 Occupational exposure levels (mg/m3) in sterilisation departments at six 
Dutch and Belgian hospitals 
Hospital 
1 
2 
3 
4 
5 
6 
No. of 
steril. 
cycles/d 
2 
1 
2 
3 
1 
2/week 
ЕГО exposure 
Stationary 
8-h 
TWA 
<0.9 
<0.9 
2.6 
28 
Nd 
1-3 
Peak 
level 
20-104 
45 
60 
700 
Nd 
130 
Personal samples 
8-h TWA 
General 
personnel 
<1.8 
Nd 
Nd 
Nd 
Nd 
Nd 
Ster. 
operator 
<1.8 
Nd 
Nd 
2.2 
Nd 
5 
Nd=Not detectable 
CONCLUSIONS 
In animal experiments, ETO only appears to have reproductive toxic effects at very 
high levels with long-term exposure. Based on these results, the OSHA OEL values 
and the current 8-h-TWA exposure limits can be considered to be safe with respect to 
reproductive toxic effects. 
Epidemiological studies raise doubts about possible effects in humans at the actu­
al exposure levels at the work site. A possible explanation for the disagreement bet­
ween the animal and human data is that the available animal experiments did not 
include peak exposures as opposed to the exposure pattern in an actual sterilisation 
unit 
Owing to the fact that current animal studies on reproductive toxic effects of ETO 
do not reflect the actual exposure pattern at the work site and human data are too 
lacunary, it is not possible to draw any definite conclusions about the reproductive 
toxicity of ETO. Well designed animal experiments and epidemiological studies are 
necessary. 
With respect to epidemiological studies, a prospective design is preferable. In 
such a study, regular and valid exposure information should be obtained with special 
attention to peak level exposures. In such a design early onset pregnancy failures can 
be studied in terms of outcome. The background frequency of spontaneous abortion 
with a "short" latency time is rather high. But despite this rather high incidence, a 
multi-centre study will be necessary to include enough women who are at risk for 
exposure and are planning a pregnancy. To detect a two-fold increase in a back-
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ground abortion rate of 15 % with a power of 80% and a significance level of 5 %, for 
instance, a study on 60 exposed and 240 control women is needed.33 Such numbers 
can only be realised through international cooperation in Western Europe if a reaso-
nable data collecting period of no more than two years is applied. The study should 
involve surveillance of reproductive events in ETO workers, a proper control group 
and follow a strict protocol with standardised procedures for the registration of re-
productive events. 
Meanwhile, ETO levels in work site air have to be minimized as much as possible. 
In this respect, proper engineering control and work practices should become the 
rale. 
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ABSTRACT 
In a prospective study the effect of behavioural risk factors of both partners on 
fecundability was studied. Information was collected on smoking habits, alco-
hol consumption, and caffeine intake (e.g. coffee, tea and cola consumption) by 
interviewing 259 female nonmedical hospital workers, i.e., clerical staff, clea-
ners, kitchen and restaurant workers, and their partners, who were planning a 
pregnancy. The occurrence of pregnancy was tested prospectively during the 12 
months after enrollment. Among the participants as well as among their part-
ners smoking a moderate number of cigarettes (1-10/day) was associated with a 
higher fecundability (i.e., the probability of becoming pregnant per month) than 
among those not smoking (participant: OR = 1.4 (95% CI, 0.9-2.2); partner: 
OR = 2.1 (95% CI, 1.2-3.5)). The level of alcohol consumption in the female 
partner was not related to fecundability. However, in the male partner, there 
was a positive influence for drinking more than 10 alcoholic drinks per week 
compared with that observed for those drinking less than 5, (OR= 1.6; 95% CI, 
1.0-2.4). Participants with a moderate caffeine intake (400-700 mg/day) showed 
a higher fecundability than those with a lower intake level (OR,,.^ = 2.1; 95% 
CI, 1.2-3.7). Heavy caffeine intake (> 700 mg/day) among partners was negati-
vely related to fecundability when compared with the lowest intake level (ORad 
j«ud = °·6 (95% CI> 0.3-1.0)). This study does not support the hypothesis that 
moderate cigarette smoking, caffeine intake and alcohol consumption have an 
adverse influence on fecundability. 
INTRODUCTION 
In modem society, people plan their pregnancies and childbearing as much as possi-
ble. This has led to a growing interest in fecundability: the probability of becoming 
pregnant during a cycle or month, with regular, unprotected intercourse.1 Lifestyle 
factors, such as cigarette smoking and alcohol and caffeine consumption, are sus-
pected of being detrimental to fecundability. Because many of these factors are wi-
despread, even a small effect could have great impact. This urges us to look for more 
information on these hypothesized effects. 
Results of a literature review suggested adverse effects for compounds of tobacco 
smoke on the biological mechanisms underlying successful fertilisation and the oc-
currence of pregnancy.2 Several epidemiological studies (mostly retrospective) eva-
luating the impact of smoking on fecundability (or fertility) have been conducted, 
but they have yielded controversial results. Most studies show decreased fecundabi-
lity among smokers " but in one prospective investigation with a large study group 
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smoking was not found to influence fecundability when controlled for by other risk 
factors.' 
There are indications that alcohol consumption interferes with fertility in men and 
women.9 However, only two epidemiological studies addressed this subject and 
moderate alchohol consumption was not found to have any influence.4,5 
Animal research on the relationship between caffeine and fecundability is scarce 
and does not show an adverse effect.10 Recently, five epidemiological studies " "15 on 
the effects of caffeine intake on fecundability were published. Three studies 11,12·14 
reported an adverse effect of increasing levels of caffeine or coffee intake, one study 
found an association between subfecundity and heavy caffeine consumption (>8 cups 
per day) in smokers only,15 and one study did not show any effect of caffeine con-
sumption13. 
In a prospective study on the influence of occupational and other environmental 
factors on early pregnancy failure, we collected data on the smoking behaviour, al-
cohol consumption and caffeine intake of both partners. In this report we examine 
the relationship between these behavioural risk factors and time to pregnancy. 
METHODS 
Population 
From June 1987 to January 1989, female workers, 18-39 years of age, working in 
nonmedical functions at 39 Dutch hospitals were invited by letter to participate if 
planning to become pregnant during the forthcoming year. We approached 7000 
women and estimated that 330 would be eligible for participation (using the Dutch 
pregnancy rate of 5%,16 an estimation of unplanned pregnancies of 20%15, and an 
infertility rate of 15%). The 283 actual participants represent a response rate of around 
85%. However, 23 of the 283 participants did not belong to the occupational catego-
ries under study so we excluded them from the analyses. 
Data collection 
All participants were interviewed personally using a structured questionnaire. They 
were asked about their own and their partner's current lifestyle habits. Smoking ha-
bits included the average number of cigarettes, cigars, or pipes smoked per day. 
Alcohol intake and cola consumption were measured as the number of days per 
week on which acoholic drinks or cola were consumed and the average number of 
glasses drank on those days. The number of alcoholic drinks and glasses of cola per 
week were calculated using these parameters. Coffee and tea consumption included 
the average number of cups per day. Each person's daily caffeine intake was estima-
ted in accordance with Wilcox et al.n : assuming one cup of coffee to be equivalent to 
two cups of tea or 2.5 glasses of cola and to 100 mg caffeine. 
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Comprehensive information about the current level of participant's daily occupa-
tional activity, occupational exposures and demographic characteristics was inclu-
ded and considered as potential confounders in this study. 
Thorough information on the reproductive history, recent birth-control practices 
and the date of commencing a pregnancy attempt was obtained. Neither the intervie-
wers nor the participants were informed about the specific aims of the study. Partici-
pants were instructed to keep a record of their menstrual periods and changes in 
behavioural risk factors and occupational exposures on a special calendar for a a 
maximum of 12 months. If the expected day of menstruation was exceeded by 5 
days or more (depending on their usual cycle regularity), the women were asked to 
mail their early morning urine to the laboratory. The urine was tested under standard 
conditions, applying the two-site immunoenzymetric "sandwich-type" assay, the 
ICON II hCG (human chorionic gonadotropin) with a sensitivity of 50 IU of hCG 
per Utre.17 Follow-up continued for 1 year. 
Statistical analyses 
Fecundability was defined as the probability of becoming pregnant each month and 
was estimated by the time to pregnancy, i.e., the number of months between the date 
of starting unprotected intercourse and a positive pregnancy test1 Only the time 
interval prior to the diagnosis of the first pregnancy during the study period was 
taken into account. 
To assess the association between behavioural risk factors and fecundability, we 
used a logistic analogue of the discrete analogue of the Cox proportional hazard 
model.18 The model coefficients after exponentional transformation were interpreted 
as the relative odds for fecundability for index versus reference levels of behavioural 
risk factors (fecundability odds ratios), if necessary adjusted for the influence of 
other covariates. Only the time intervals of trying to conceive that were followed 
prospectively were considered in the analyses. 
We scrutinized the following variables for their confounding properties by asses-
sing whether there was any association with behavioural risk factors on the one hand 
and fecundability on the other: age, previous number of pregnancies (gravidity), 
previous spontaneous abortions, medical drags utilization, current chronic disease, 
and educational level. In addition the influence of occupational energy expenditure 
and other occupational exposures (detergents, medical drugs, disinfectants, correc-
tion fluid, noise, vibration, draft, working with copying machines, and video display 
terminals) was studied. Covariables which were related to both fecundability and 
one of the behavioural risk factors were included in the multivariate analyses. If they 
modified in any important way the point estimate of the effect (a matter of judge-
ment) they were considered as confounders in this study. 
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RESULTS 
Distribution of background characteristics 
In Table 4.1, the characteristics of the participants and their partners are summari-
zed. Proportions of participants with a low or a high educational level were equal. 
One third had been pregnant at least once before and half of them (15%) had a histo-
ry of spontaneous abortion, 5 participants had an induced abortion and 3 experien-
ced stillbirth. A substational proportion experienced conditions that were or might 
be related to reduced fertility: medication for enhancing or improving fertility, gy-
naecological operations, and chronic disease (e.g., diabetes (n=3), hypertension 
(n=12), thyroid disease (n=5), other diseases (n=9)). For their partners the corres-
ponding figures were 2% (medication), 8% (urological surgery), and 10% (chronic 
disease). 
Table 4.1 Characteristics of 259 participants and their partners at enrolment 
Characteristic 
Age 
<30 Years 
>30 Years 
Educational level 
(years of education) 
Low (<10) 
Medium (10-14) 
High (>14) 
Number of previous pregnancies 
0 
>1 
Ever experienced spontaneous 
abortion 
Ever received fertility medication 
Ever undergone gynaecological 
(urological) operation 
Irregular cycle 
Chronic disease 
Regular drug use 
Participants 
N 
139 
120 
90 
77 
89 
167 
92 
38 
37 
35 
43 
28 
52 
% 
53.7 
46.3 
34.7 
29.7 
34.4 
64.5 
35.5 
14.7 
14.3 
13.5 
16.6 
10.8 
20.1 
Partners 
N 
86 
173 
65 
52 
123 
-
-
-
4 
20 
-
25 
35 
% 
33.2 
66.8 
25.1 ' 
20.1 
47.5 
-
-
-
1.5 
7.7 
-
9.7 
13.5 
1
 For 19 partners the information on educational level was missing 
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Distribution of behavioural risk factors 
The distribution of behavioural risk factors for both partners is presented in Table 
4.2. Almost half of the participants were smokers at the time of enrollment; fewer 
partners smoked. 
Of those participants that smoked 57% had a partner who also smoked. The alco-
hol consumption of both partners was also positively associated. Partners consumed 
more caffeine (median = 700 mg a day) than participants (median = 375 mg a day). 
Among both participants and their partners smoking was positively associated with 
both caffeine and alcohol consumption. There was no relationship between caffeine 
and alcohol consumption. Coffee accounted for 75% of the total caffeine intake, tea 
added about 22%, and cola 3%. In partners, these figures were 83,13 and 4% respec-
tively. 
Behavioural risk factors and fecundability 
From the total group of 260 participants, only one did not start trying to conceive for 
personal reasons (and was excluded from the analyses) and 155 had already started 
trying to conceive before enrollment in the study. Of the latter group, 56 had been 
trying for more than 1 year. 
Table 4.2 The Distribution of life-style factors in both partners and their association 
with fecundability expressed by crude odds ratios (OR) with 95% confidence intervals (CI) 
Life-style factors 
Number of cigarettes per day 
None 
1-10 
>10 
Number of alcoholic drinks per 
<5 
5-10 
£10 
Cups of caffeine drinks per day 
<3 
3-7 
£7 
N 
145 
56 
58 
week 
197 
38 
24 
48 
133 
78 
Participants 
OR 
Reference 
1.4 
0.8 
Reference 
1.1 
1.2 
Reference 
1.8 
1.2 
95% CI 
Reference 
(0.9-2.2) 
(0.5-1.3) 
Reference 
(0.6-1.8) 
(0.7-2.3) 
Reference 
(1.1-3.1) 
(0.7-2.1) 
N 
154 
37 
68 
95 
54 
110 
40 
88 
131 
Partners 
OR 
Reference 
2.1 
1.0 
Reference 
1.3 
1.6 
Reference 
1.0 
0.7 
95% CI 
Reference 
(1.2-3.5) 
(0.7-1.6) 
Reference 
(0.8-2.1) 
(1.0-2.4) 
Reference 
(0.6-1.7) 
(0.4-1.1) 
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After 1 year's participation in the study, 170 (65%) women had had at least one 
positive pregnancy test. In the subgroup of 104 participants who had been followed 
prospectively since they had started trying to conceive, 81% became pregnant (46% 
within 3 months, 64% within 6 months, and 71% within 9 months). 
In Table 4.2 the results of the univariate analyses of the relationship between be-
havioural risk factors and fecundability are presented. Among both participants and 
their partners the moderate smokers showed a higher fecundability than did non 
smokers and the heavy smokers. 
The number of alcoholic drinks consumed by the participants was not related to 
fecundability. Among the partners there was a small positive relationship between 
the level of alcohol consumption and fecundability. 
The effect of caffeine consumption was also different for participants and part-
ners. In participants moderate caffeine consumption (3-7 cups per day) was associa-
ted with a higher fecundability than either low or very high caffeine consumption. 
Male partners with a low and moderate caffeine intake did not differ in fecundability 
but a high level of caffeine intake was positively associated with a reduction in fe-
cundability. 
The effect of coffee, tea and cola on fecundablilty was also analysed seperately. 
Only the tea consumption of the participant showed a relevant influence on fecunda-
bility with an OR of 1.9 (adjusted for coffee drinking) when consuming up to 5 cups 
per day (95% CI, 1.2-3.0) compared with that seen when drinking 0 cups and an OR 
of 3.2 (95% CI, 1.3-7.7) when consuming more then 5 cups per day. For coffee 
consumption these values were 1.7 (95% CI, 0.9-3.3) and 1.6 (95% CI, 0.7-3.3) 
respectively. The level of cola consumption of both participants and partners did not 
influence the fecundability. 
Since the behavioural risk factors were interrelated, their combined effect on fe-
cundability was analysed by adding the variables simultaneousley into logistic re-
gression models. The influence of moderate caffeine intake among participants on 
fecundability was more marked when controlled for smoking behaviour (OR^7dnnb 
=2.0 (95% CI, 1.2 - 3.4); OR>7 ännks =1.2 (95% CI, 0.7 - 2.2); . Controlling for the 
partners' behavioural risk factors in addition resulted in OR^7drinks= 2.1 (95%CI, 1.2 
- 3.7); OR>7driBks =1.6 (95% CI, 0.8 - 3.0). The association between the partners' 
behavioural risk factors and fecundability remained almost unchanged after control-
ling for each other and for the participants' lifestyle. The greatest change occurred in 
the effect of the partners' caffeine intake: OR^7driLks= 0.8 (95% CI, 0.5 -1.5); OR 7 
= 0.6 (95% CI, 0.3 -1.0). 
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Table 4.3 presents the odds ratio's for each of the potential confounders, provided 
that the point estimates were outside the range of 0.8 to 1.2 and they were related to 
smoking, alcohol consumption, or caffeine intake. Still none of these covariates 
modified the results of the unconditional analyses. 
Participants with an incomplete follow-up (n=18), i.e., who ended participation 
within 1 year after enrollment and who did not become pregnant, differed slightly in 
behavioural risk factors from those with a complete follow-up. They included more 
heavy smokers both with respect to participants (39% vs 21%) and partners (39% vs 
26%). 
Table 4.3 Association of several characteristics of the (female) participants (n=259) with 
fecundability expressed by odds ratios with 95% confidence intervals 
Age S30 against <30 
Previously pregnant (yes/no) 
Chronic disease (yes/no) 
Regular drug use (yes/no) 
Occupational exposure to (yes/no) 
Detergents 
Video display terminal 
Noise 
Vibration 
Occupational energy expenditure 
Moderate/low 
High/low 
Odds Ratio 
1.2 
1.2 
0.5 
0.6 
0.8 
1.3 
0.6 
0.8 
1.1 
0.6 
95% Confidence Interval 
0.8-1.7 
0.8-1.7 
0.2-0.9 
0.4-1.0 
0.6-1.2 
0.9-1.8 
0.4-1.1 
0.5-1.4 
0.7-1.6 
0.4-1.0 
DISCUSSION 
This study shows that in this population behavioural risk factors of both partners 
were marginally and not unequivocal related to fecundability. Heavy smoking among 
participants (although not significant) and high caffeine intake among partners sho-
wed a small negative effect on fecundability. However, moderate consumption of 
cigarettes (females not significant) of caffeine (only among females) and of alcohol 
(only among males) were associated with better fecundability. Before discussing the 
implications of these findings we have to consider the validity of the study. 
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Selection bias 
Less fertile couples were more likely to enrol in our study because of length bias and 
because they were probably more eager to participate. After 1 year of trying to con-
ceive the pregnancy rate was 65%, while 85-90% is expected.19 Still in general, se-
lection does not necessarily lead to biased estimates of real etiological associations. 
It seems very unlikely that selection on fertility was related to selection on behaviou-
ral risk factors. Therefore, we think selection did not lead to biased estimates in this 
study. 
Information bias 
It is unlikely that differential misclassification has occurred because neither the in-
terviewers nor the participants were informed about the specific aims of the study. 
For estimation of the number of cigarettes, alcoholic drinks and caffeine containing 
beverages, 5 point scales with extreme upper categories (>100 cigarettes and >20 
glasses or cups per day) were used to minimize underestimation. The latter is a com-
mon problem in studies on behavioural risk factors.20 Because the prospective de-
sign of the study, a relationship between the amount of underestimation and fecun-
dability seems unlikely. Moreover, during the period of the data collection, a poten-
tial association between behavioural risk factors and fecundability was not a wide-
spread belief. 
Nondifferential misclassification cannot totally be excluded because of the small 
chance of underestimation of exposure, and the possibility that exposure in the past, 
for which no information was collected, was more important than actual exposure. 
Therefore, we cannot exclude an underestimation of effects in this study. 
For 104 couples the information was gathered before the time of trying to concei-
ve. However, there were almost no changes recorded on the follow-up calendars. 
Confounding bias 
In this study we did not collect data on the frequency of intercouse, an unequivocally 
important determinant of pregnancy (and thus in this study a potentional confoun-
der). If in fact a strong association between behavioural risk factors and the frequen-
cy of intercourse does exist, behavioural risk factors could be considered proxy varia-
bles for the frequency of intercourse. However, previous studies have not reported 
such a strong interrelationship.5,M1 Furthermore, owing to the fact that all partici-
pants were trying to conceive it is unlikely that the influence of behavioural risk 
factors was intermediated by this covariable. Besides, the time intercourse takes pla-
ces during the course of a menstrual cycle is very likely more important than the 
frequency. Therefore kwowledge of the fertile period is another important covaria-
ble on which no information was collected. Very likely this variable was related to 
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educational level which was not a confounder in our study. 
Because the primary aim of the original study was to examine the relationship 
between occupational factors (i.e., physical occupational activity, chemical occupa-
tional exposures) and early pregnancy failure, the study group was restricted to a 
specific occupational group. The members of this group of support staff at hospitals 
(clerical staff, cleaners, kitchen and restaurant workers) share the same work environ-
ment but differ in physical work load and chemical exposures. However, the occupa-
tional variables did not interfere with the results on behavioural risk factors. This 
also held true for the other potential confounding variables. 
EVALUATION OF THE RESULTS 
Smoking habits 
Almost all retrospective studies on smoking and fecundability presented in literature 
have found adverse effects of smoking. Howe et al.6 found in a prospective study a 
reduced fertility rate for women who smoked more than 20 cigarettes per day 
(RR=0.78). Mouzon et al.8 controlled for many lifestyle and behavioural factors of 
both partners (only caffeine was not addressed) and found a relative fertility rate of 
0.8 6 (0.6-1.2) for smoking women compared with that found for nonsmokers. In the 
latter study the effect was indépendant of the number of cigarettes smoked; but the 
study group contained only very few heavy smokers. In agreement with those of 
Mouzon et al.8 our results do not show an adverse effect on fecundability of smoking 
a moderate number of cigarettes among both partners. 
Alcohol consumption 
Only a few studies have been published on alcohol and fecundability.** These did 
not show any adverse influence. This is supported by our study with respect to the 
participants themselves. Again, the suggestion of a positive effect for moderate alco-
hol consumption on fecundability in the male partner cannot be fully explained. 
Caffeine intake 
Wilcox et al.11, found a relative fecundability rate of 0.51 for drinking more than 1 
cup of coffee per day as opposed to drinking less in 104 women who were planning 
a pregnancy and who had not succeeded in the first 3 months of trying. After publi-
cation of this study, contradictory results of other studies, not originally designed to 
test this hypothesis, conducted in populations with a low caffeine intake,were pu-
blished.1214 Recently, a retrospective study in a population of heavy coffee consu-
mers showed an adverse influence for caffeine on fecundability when consumption 
exceeded 8 or more cups per day among smokers only.15 In neither of these studies 
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was the caffeine intake of the partner taken into account. In our study, moderate 
caffeine intake by both partners either originating from tea, coffee, or cola did not 
have an adverse effect on fecundability. Only when the male partner drank more 
than 7 cups of coffee per day fecundability was reduced. This is in agreement with 
experimental studies in which caffeine intake (combined with smoking) lowered 
sperm mobility and viability.21 The suggestion of a preventive effect in females for a 
moderate caffeine consumption is not found elsewhere nor is it expected on biologi-
cal grounds. 
CONCLUDING REMARKS 
In this study the power to detect significant small negative effects is limited. Howe-
ver, this does not explain the finding that most of the point estimates and their confi-
dence intervals are more consistent with no effect or a small positive influence than 
with a negative influence. Therefore, we conclude that this study does not support 
the hypothesis that cigarette smoking, caffeine intake and alcohol consumption have 
an adverse effect on fecundability. This holds true even for relatively high doses of 
caffeine or cigarette smoke with the exception of high caffeine intake in the male 
partner. The study population was a relatively homogeneous group with respect to 
social class and work environment Therefore, as Mouzon et al.8 suggested it might 
well be that the effect of behavioural risk factors on fecundability found by others is 
due, at least in part, to other factors, which in turn are associated with the consump-
tion of cigarettes, caffeine and alcohol. 
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ABSTRACT 
We examined the influence of the level of occupational physical activity per 
working hour (intensity score) and per working day (fatigue score) on menstru­
al function and fecundability in a population of 260 non-medical female wor­
kers at 39 Dutch hospitals who were planning a pregnancy. We studied the in­
fluence of the intensity and fatigue scores as such and in combination with un­
favourable working hours (before 8:00 алп. or after 6:00 p.m.) and high wor­
king speed (working at high speed for more than 50% of the time). The data did 
not reveal a clear relation between the occupational physical activity levels (re­
presenting an estimated energy requirement of up to 3 times the basal metabo­
lic rate) and menstrual function, but the presence of a small effect could have 
been missed. The fecundability of women with a high fatigue score, particularly 
in association with unfavourable working hours, was lower than that of women 
with a low fatigue score. (Fecundability odds ratio = 0.4; 95% confindence in­
terval = 02-0.8). Moderate levels of physical activity as found in cleaners, kit­
chen staff and clerical workers at hospitals appear to affect the female repro­
ductive system. Fecundability, as measured by the time to pregnancy, seems to 
be a more sensitive parameter for these biologic changes than menstrual func­
tion. 
INTRODUCTION 
During the past decades, many studies have shown that physical exertion in sports, 
such as long-distance running, has an effect on menstrual function, that results in 
cycle irregularities and amenorrhoea.1"10 There is also some evidence that vigorous 
exercise for one hour or more per day is related to fertility problems.11 These fin­
dings indicate that physical stress, possibly in combination with nutritional and psy­
chological factors, influence hypothalamic and pituitary function and consequently 
reproductive performance.12 
Many women experience a fairly high physical work-load in their jobs. The question 
arises as to whether this work-load is related to menstrual cycle dysfunctions and 
consequently to problems with becoming pregnant. Therefore we studied the effect 
of occupational physical activity on menstrual function and fecundability. 
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POPULATION AND METHODS 
Population 
From June 1987 to January 1989, female workers between 18-39 years of age, wor-
king in non-medical functions at 39 Dutch hospitals, were invited to participate in 
this study if they were planning to become pregnant during the forthcoming year. We 
approached 7000 women and estimated that 330 would be eligible for participa-
tion.13·14 The 283 actual participants represent a response rate of about 85%. Howe-
ver, 23 of the 283 participants did not belong to the occupational categories under 
study and we excluded them from the analyses. 
Data collection 
At enrollment, information about the current levels of all aspects of daily occupatio-
nal activity was obtained by personal interview. In addition, there were questions 
about the time spent on housekeeping, the size of the family and household help. 
Questions on reproductive history, demographic characteristics and lifestyle factors, 
such as smoking, alcohol consumption and the caffeine intake of both partners, were 
also included. Thorough information was obtained about the date of starting to beco-
me pregnant. Finally, with the help of a special calendar, the interviewer tried to 
obtain menstrual data on the previous 12 months as exactly as possible (the women 
who had not kept a record were asked to state the usual number of days between two 
periods). Neither the interviewers nor the participants were informed about the spe-
cific aims of the study. Participants were instructed to mail their early morning urine 
to the laboratory if the expected day of menstruation was exceeded by 5 days or 
more (depending on their cycle regularity). The urine was tested under standard con-
ditions, using the two-site immunoenzymetric '"sandwich-type" assay, the ICON II 
hCG (human chorionic gonadotropin) with a sensitivity of 50IU of hCG per litre.15 
Follow-up continued for 1 year. 
Analysis 
We estimated occupational physical activity by calculating the total energy expendi-
ture of the work, based on the energy requirement of each activity.1619 The occupa-
tional energy expenditure during a usual working day was called the fatigue score. 
This score was divided into three levels: low, (< 4200 KJ = 2 times the basal metabo-
lic rate), moderate (4200-6300 KJ) and high (^ 6300 KJ = 3 times the basal metabo-
lic rate). We dichotomized the mean energy expenditure per working hour, called the 
intensity score (representing more or less peak levels of occupational physical acti-
vity), at around 840 KJ per hour, which is equal to about 3.5 times the basal metabo-
lic rate. Working hours before 8:00 a.m. and/or after 6:00 p.m. were considered as 
unfavourable. The working speed was defined as being high if the work was conduc-
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ted at a high speed for more than 50% of the time. 
The mean cycle length in days and the cycle irregularity of the participants based 
on information collected in retrospect (excluding the participants who had stopped 
oral contraception within two months of the interview) were taken as outcome varia-
bles of menstrual function. We defined deviations from the mean cycle length of 
more than 4 days that occurred more than twice a year as irregular cycles; the term 
regular applied to the other situations.20"21 We defined fecundability as the probabili-
ty of becoming pregnant per month; it was estimated by the time to pregnancy, that 
is, the number of months between the date of starting unprotected intercourse and a 
positive pregnancy test22 Only the first positive pregnancy test during the study pe-
riod was taken into account. 
We analysed the data on menstrual function by means of cross tabulation, stan-
dard linear and logistic regression analyses and the analysis of variance. To perform 
the analyses on fecundability, we used a logistic analogue of the discrete analogue of 
the Cox proportional hazards model.22"23 The model coefficients after exponentional 
transformation were interpreted as the ratio between the fecundability of partici-
pants with work with a high physical occupational activity level and the fecundabi-
lity of women with work with a low level of physical occupational activity. Only the 
time intervals of trying to conceive that were followed prospectively were conside-
red in the analyses. 
The intensity score and the fatigue score were studied separately and in interac-
tion with the working hours and working speed. First, the effect estimates were adju-
sted for the influence of non-occupational energy expenditure (the number of hours 
of housework, whether the woman received household help, the presence of children 
in the household, having one or more jobs in addition). We entered other variables in 
multivariate analyses if they were associated with both the occupational energy ex-
penditure and the effect measure in question. 
RESULTS 
Population 
The group of 260 participants comprised 42 (16%) cleaners, 57 (22%) kitchen staff 
and 161 (62%) clerical workers. InTable5.1 are shown the associations between the 
intensity and the fatique scores and the other occupational and background characte-
ristics. 
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Table 5.1 The distribution (in %) of occupational and background characteristics of 
260 participants by categories of intensity and fatigue score 
High intensity score 
High fatigue score 
Unfavourable working hours 
High working speed 
Occupational exposure to 
Vibration 
Detergents 
Video display terminals 
Presence of children in the house 
Another job 
Household help 
>4 hours hospital work per day 
Smoking cigarettes 
Education 
< 10 years 
> 14 years 
Nulligravidae 
Current chronic disease 
Ever received fertility medication 
Ever undergone gynaecological operation 
All 
(N=260) 
32 
20 
36 
18 
14 
50 
40 
24 
10 
62 
72 
44 
35 
35 
65 
11 
14 
13 
Intensity 
Low 
score 
High 
(N=178) (N=82) 
. 
9 
26 
18 
7 
35 
53 
20 
11 
66 
81 
43 
19 
45 
69 
8 
14 
12 
-
45 
57 
18 
29 
83 
13 
33 
7 
54 
54 
46 
70 
12 
55 
16 
15 
16 
Fatigue 
Low 
score 
High 
(N=125) (N=53) 
23 
-
33 
17 
10 
40 
45 
33 
11 
57 
50 
43 
33 
35 
56 
7 
15 
13 
70 
-
62 
19 
26 
74 
21 
25 
11 
68 
100 
40 
51 
21 
64 
19 
19 
13 
Menstrual cycle length 
A total of 194 women provided information on at least two recent menstrual cycles 
in which they had not used oral contraceptives. Of these 194 participants, 148 had 
been working for more than 2 years at the same job and 23 had been working at their 
present job for less than 1 year. The mean cycle length was 29.7 days (median 28 
days, standard deviation 6.6 days). Four participants showed cycle lengths of 60 
days or more, which differed considerably from the next longest cycle of 44 days. As 
linear regression analyses that included the four extreme values showed anomalous 
results, these four were excluded. It is worthwhile to note that these four participants 
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had work with a low intensity score and with a fatigue score that ranged from low to 
high (1 low; 2 moderate; 1 high). For the remaining women, the mean cycle length 
of those with work with a high intensity score, was no different from those with 
work with a low intensity score (Table 5.2). The same held true for the relation 
between fatigue score and cycle length (Table 5.2). 
Table 5.2 Estimated differences (β, estimated by general linear regression modeling) in 
mean cycle length in days and 95% confidence limits (CL), according to levels of intensity 
and fatigue scores combined with unfavourable working hours and high working speed for 
participants with cycle lengths < 44 days 
High versus low 
intensity scores 
β (95% CL) 
High versus low 
fatique scores 
ß (95% CL) 
АД (Ν = 190) 
Working hours unfavourable (Ν = 65) 
Working speed high (N = 33) 
Working hours unfavourable 
& workmg speed high (N = 11) 
-0.4 (-1.4, 0 6) 
-1.5 (-3 1, 0 1) 
0.1 (-2 4, 2 6) 
-1.4 (-5 3, 2 5) 
0 4 (-1.0, 1.8) 
0.8 (-0 8, 2.8) 
1.1 (-2 2, 4 4) 
2.2 (-3.1, 7.5) 
Menstrual irregularity 
Thirty oneofthe participants (16%) had an irregular cycle. Overall and in the subca­
tegories with unfavourable working hours, work with a high intensity score (n=57) 
was associated with a lower prevalence of an irregular cycle (12%) than work with a 
low intensity score (18%) (Table 5.3). In the group of 10 participants whose work 
had a high working speed and a high intensity score, 3 had an irregular cycle compa­
red with 1 participant in the group of 24 whose work had a low intensity score. After 
Table 53 Crude and adiusted odds ratios (OR) and 95% confidence intervals (CI) of 
cycle irregularity for work with a high intensity score compared with work with a low 
score and combined with unfavourable working hours and high working speed 
OR crude (95% CI) OR adjusted* (95% CI) 
All (n = 194) 
Working hours: unfavourable (N = 67) 
Working speed, high (N = 34) 
0.7 
0.4 
10.0 
(0.3-1.6) 
(0.1-1.5) 
(0 9-110) 
0 2 
0.2 
3.3 
(0 1-0 8) 
(0.03-0.9) 
(0 3-40) 
'Adjusted for exposure to vibration, working with video display terminals, the educational level and smoking 
Chapter 5 - Menstruation & fecundability 67 
we adjusted for confounding, this association was small. The fatigue score did not 
show any meaningful association with irregularity. 
Fecundability 
In the total group, one participant did not start trying to conceive for private reasons 
and 155 had already started trying to conceive before enrollment in the study. After 
one year's participation in the study, 170 (65%) women had had at least one positive 
pregnancy test. 
Overall, there was no clear relation between the intensity score and fecundability. 
There was a tendency towards a reduced fecundability (odds ratio) for work with a 
high intensity score compared with work with a low score when the working hours 
were unfavourable (Table 5.4). Controlling for potential confounders (exposure to 
detergents and vibration, working with video display terminals, and suffering from 
chronic disease), including characteristics of the partner (smoking, alcohol consump-
tion, and caffeine intake), did not change the estimate. 
Work with a high fatigue score was even more closely associated with reduced 
fecundability than work with a low score, particularly when the working hours were 
unfavourable (Table 5.4). Adding potential confounders to the model (exposure to 
detergents and vibration, working with video display terminals and suffering from 
chronic disease) did not change the results. The partner's characteristics (smoking, 
alcohol consumption, and caffeine intake) also did not influence the relation bet-
ween the fatigue score and fecundability. Participants with an incomplete followup, 
(N=18, censored at the time of drop-out) that is, those who ended participation wit-
hin 1 year after enrollment and who did not become pregnant, had slightly higher 
intensity and fatigue scores than the women with a complete follow-up. At the end of 
the study, the mean number of months of trying to conceive was 24. 
Table 5.4 Fecundability odds ratios (and 95% confidence intervals) for participants with 
work with different intensity and fatigue scores combined with unfavourable working 
hours and high working speed 
Intensity score Fatigue score 
N High/Low Moderate/Low High/Low 
All 259 1.0 (0.7-1.5) 1.1 (0.7-1.6) 0.6 (0.4-1.0) 
Working hours unfavourable 94 0.8 (0.4-1.5) 0.5 (0.2-1.1) 0.4(0.2-0.8) 
Working speed high 47 0.7 (0.3-1.8) 1.1 (0.4-2.9) 1.2 (0.4-3.6) 
Working hours unfavourable 18 1.3 (0.3-5.5) 0.2 (0.0-2.3) 0.9 (0.2-4.5) 
and working speed high 
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DISCUSSION 
This study does not support the hypothesis of a negative influence of high occupatio­
nal physical activity, as measured by the intensity score, nor by the fatigue score, on 
menstrual function, but there is some support for an association between occupatio­
nal physical activity and fecundability. 
With respect to the effect on menstrual function, residual confounding and/or se­
lection biases could have diminished the effects. For instance, less fertile couples 
were more likely to enroll in our study because of length bias and because they were 
probably more eager to participate. After 1 year of trying to conceive, the pregnancy 
rate was 65%, while 85-90% was expected.24 This selection was particularly appa­
rent in the analyses on menstrual function, because these data came from partici­
pants who had stopped using contraceptives at least 2 months before enrollment in 
the study. 
In this study none of the measured confounders had a strong effect. Factors on 
which we had no data however, may have confounded the results to some extent. 
The absence of data on recreational physical activity, such as sports, would introdu­
ce underestimation of the real associations if there was a strong negative relation 
between occupational and leisure-time activities. We had no information on body 
weight, which in its extremes is a suspected risk factor for cycle disturbances. All in 
all it is possible that a small but real effect on menstrual function was missed and that 
the effect on fecundability has been underestimated. The only additional co-factor 
for which we did not collect any data was the frequency of intercourse. Owing to the 
fact that all the participants were trying to conceive, it is unlikely that there were any 
large differences in the frequency of intercourse and that the influence of occupatio­
nal physical activity on fecundability was mediated by this covariable. 
Evaluation of the results 
Most published studies on the relation between physical activity and menstrual func­
tion investigated young women3,5· 8· 25'2Ί (mostly younger than 20 years old), who 
spent many hours performing very strenuous activities, such as athletics, ballet dan­
cing, marathon training and so on. In general these studies reported an increased risk 
for oligomenorrhoea, amenorrhoea,1"8· '^25 or a shortened luteal phase9·м at high ac­
tivity levels. Two of these studies controlled for body weight and stress.9·27 In this 
study, the contrast between the different types of occupational physical activity was 
about 2100 KJ (500 kcal) per day, which represents less than 1 hour of endurance 
traning. It is to be expected that the possible influence of these less vigorous 'nor­
mal' levels of occupational activity on the menstrual cycle is small and therefore not 
easy to detect 
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We found only one study that reported an association between vigorous long-
duration exercise (as found in running) and the risk of infertility (not pregnant after 
1 year of trying to conceive).11 In our study, we found that less vigorous, more nor-
mal levels of occupational activity could have influenced fecundability. Work with a 
high fatigue score was associated with decreased fecundability, particularly when 
the work was done at unfavourable hours. Some delay in the time to pregnacy was 
also noted for work with a high intensity score combined with unfavourable working 
hours. This finding may imply that heavy work as such does not have any adverse 
influence, but that a combination of heavy work, long working hours and too few 
hours of rest does have such an effect. 
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ABSTRACT 
The influence of occupational physical activity on early pregnancy failure was 
examined in a population of 24 cleaners, 36 kitchen staff and 110 clerical wor-
kers from 39 Dutch hospitals who were enrolled before becoming pregnant be-
tween August 1987 and January 1989. The occupational energy expenditure 
was defined by an intensity and a fatigue score, which were studied alone and in 
combination with working hours and working speed. The occupational biome-
chanica! load was defined by a peak and a chronic pressure score. The intensity 
and the fatigue score of the work, whether or not in combination with working 
hours and working speed, were not related to the occurrence of spontaneous 
abortion. Work involving a high biomechanica! load, in particular high peak 
pressure scores, showed an odds ratio (OR) for spontaneous abortion of 3.1 
(95% confidence interval (CI): 1.1-8.9). There were strong indications that work 
involving bending (OR=3.2; 95% CI, 1.3-9.8) rather than lifting (OR=l.l; 95% 
CI, 03-3.4) was the main cause. 
INTRODUCTION 
Over the past 40 years, many studies have been published in which the relationship 
between various occupational exposures and pregnancy disturbances was examined. 
Several specific occupational exposures are suspected of causing reproductive failu-
res. One of these risk factors is physical exertion.1 Strenuous work may cause repro-
ductive disorders in different ways: through high energy expenditure it may influen-
ce the uterine blood flow2-4 and hormonal concentrations.24 Both features can change 
the intrauterine environment and may interfere with normal embryonic and foetal 
growth. Occupational tasks which include reaching, bending and heavy lifting, may 
(over)load the spine and increase the intra-abdominal pressure, which in turn may 
predispose towards miscarriage.* 
So far, attention has mainly been focused on late pregnancy outcome.7"w Only a 
few studies have examined the relationship between occupational physical activity 
and spontaneous abortioa15'20 AH except one20 of these studies followed a retrospec-
tive design, with several methodological problems regarding the ascertainment of 
early spontaneous abortion as well as occupational exposures. 
We conducted a prospective study on the relationship between physical occupa-
tional activity and (early) pregnancy outcome in support staff at hospitals. Cleaners 
and kitchen staff with a fairly high level of physical occupational activity were com-
pared to clerical workers with prefominantly sedentary work, with respect to the 
occurrence of spontaneous abortion. 
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SUBJECTS AND METHODS 
From June 1987 to January 1989, female support staff (cleaners, kitchen staff and 
clerical workers), aged 18-39 years, at 39 Dutch hospitals were invited to participate 
when planning to become pregnant during the forthcoming year. We estimate that of 
the 7000 workers approached, 330 were eligible for participation,21,22 implying that 
the 283 participants represent a response rate around 85%. However, 23 participants 
did not belong to the occupational categories under study and were excluded from 
the analyses. 
Data Collection 
All the participants were interviewed personally using a structured questionnaire. 
Information about current daily occupational activity was obtained by recording all 
the activities of a usual working day in chronological order, supplemented by questi-
ons about the time spent on activities such as sitting, standing, walking, bending, 
reaching and lifting. In addition, information was collected on the number of wor-
king days and hours per day, working hours and working speed, plus information on 
other occupational exposures, such as working with detergents, drugs (including 
antibiotics, hormones and anti-neoplastic drugs which form part of the hospital envi-
ronment) and other chemical substances, exposure to noise, vibration and draught 
and working with video display terminals, correction fluids and photocopiers. Final-
ly, there were questions about the time spent on housekeeping, the size of the family 
and household help. 
Questions on reproductive history, demographic characteristics and lifestyle were 
also included. Thorough information was obtained on recent birth control practices 
and the date of first attempting to conceive. Menstrual cycle data were derived from 
the most recent periods without the use of an oral contraceptive. Participants were 
instructed to keep a record of their menstrual periods on a special calendar to a maxi-
mum of 12 months. If the expected day of menstruation was exceeded by >5 days, 
the women were asked to mail their early morning urine to the laboratory. Urine was 
tested under standard conditions, applying the two-site immunoenzymetric 'sand-
wich-type' assay, the ICON IIHCG (human chorionic gonadotrophin) with a sensi-
tivity of 50IU of HCG per litre.23 If the test was positive, the participant was consi-
dered to be pregnant 
Spontaneous abortion was defined as a pregnancy which ended spontaneously in 
a dead embryo or foetus within 26 weeks of the first day of the last menstrual period. 
Participants either informed us immediately about a miscarriage or by means of the 
3-monthly contact form and by their calendar notes. If necessary, the date of the 
expulsion was checked with the participant by telephone. In most cases, the preg-
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nancy supervisor (midwife or physician) was contacted for supplementary informa-
tion. Follow-up continued for 1 year if pregnancy did not occur or until the end of the 
pregnancy. 
Definition of Occupational Physical Activity 
Two components of occupational physical activity were considered: an energy and a 
biomechanical component 
Energy expenditure 
According to mean energy expenditures (for women aged 20-40 years, with a body 
weight of 60-65 kg), energy expenditure weights were assigned to the different acti-
vities. These weights (in parenthesis) estimate the rate at which the basal metabolic 
rate is increased for that particular activity: sitting (1.5), standing (2), walking (4), 
Table 6.1 Operati on alization of occupational physical activity, working hours and 
working speed 
Occupational physical activity Levels 
Intensity score = 
energy expenditure per working hour 
Fatigue score = 
energy expenditure per working day 
Working hours 
Working speed 
Peak pressure score = 
abdominal pressure per working hour 
Chronic pressure score = 
abdominal pressure per working day 
Lifting 
Bending 
Low: < 3.5 times the basal metabolic rate (BMR) 
High: £ 3.5 times the BMR 
Low: < 2 times the BMR 
Moderate: > 2 times the BMR and < 3 times the BMR 
High: ä 3 times the BMR 
Normal: between 08:00 and 18:00 
Unfavourable: outside 08:00 and 18:00 
Low: high speed for < 50% of the working hours 
High: high speed for £ 50% of the working hours 
Low: < 4 score points' 
High: ä 4 score points* 
Low: < 25 score points* 
High: δ 25 score points* 
Very high: ä 32 score points* 
No: < 1 h per working day 
Yes: > 1 h per working day 
No: < 1 h per working day 
Yes: δ 1 h per working day 
' One point = the intra abdominal pressure during 1 h of walking, 4 points = 30 min of bending. 
(See Subjects and Methods) 
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standing alternating with walking (2.5), reaching (3) bending (4) and lifting (5).24"17 
The weights were multiplied by the number of hours per day spent on the different 
activities, resulting in the daily occupational energy expenditure. This was taken to 
represent the level of occupational fatigue and is referred to as the fatigue score. 
Dividing this score by the number of working hours per day, resulted in the mean 
energy expenditure of the work per hour. This was taken to indicate the intensity of 
the work and is referred to as the intensity score (Table 6.1). The time of day and 
working speed are factors which are very likely to influence the fatigue and intensity 
scores. An unfavourable time of day was defined as working hours before 8.00 a.m. 
and/or after 6 p.m. The participants were asked to divide their working day into 
periods of working at low, moderate or high speed. The working speed was conside-
red to be high if the work was done at high speed for > 50% of the time (Table 6.1). 
Biomechanica! load 
According to the estimated pressure on the spinal cord during different work postu-
res, which was assumed to represent the intra-abdominal pressure,28 31 pressure weights 
were assigned to the different postures. These weights (in parenthesis) estimate the 
rate at which the intra-abdominal pressure is increased during that particular posture, 
with the walking posture as the reference: sitting (3), standing (2), walking (1), stan-
ding alternating with walking (1.5), reaching (4), bending (8) and lifting (8). The 
weights were multiplied by the numbers of hours per day spent in the different pos-
tures, resulting in the daily abdominal pressure score. Dividing this score by the 
number of working hours per day, gave the abdominal pressure intensity score. The-
se scores represent the relative chronic pressure and peak pressure and were called 
the chronic pressure score and the peak pressure score, respectively. Both scores 
were classified into two classes (Table 6.1). In addition, the participants were classi-
fied according to their involvement in lifting or bending work for more or less than 1 
hour per working day. 
Statistical Analysis 
Only the participants who became pregnant in the follow-up period provided infor-
mation for the analyses on spontaneous abortion. To adjust for confounding and to 
look for effect modification, the associations between occupational physical activity 
and the occurrence of spontaneous abortions were tested by stratified and multiva-
riate analysis using the logistic regression model. With respect to the intensity and 
fatigue scores, interactions were considered with working hours and working speed. 
In addition, the effect was studied of non-occupational energy expenditure (i.e. num-
ber of children in the household, the number of hours of housework, household help 
and additional jobs) on the index association. 
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The following variables were scrutinized for their confounding properties as to 
whether there was any association with occupational activity on the one hand and 
the occurrence of spontaneous abortion on the other: age, previous number of preg-
nancies (gravidity), previous spontaneous abortions, spontaneous abortion experience 
of the participant's mother, fertility treatments, medical drag utilization, current chro-
nic disease, smoking, caffeine and alcohol consumption and educational level. Only 
occupational exposures to which at least 5% of the pregnant women were exposed, 
were included in the analysis. This applied to exposure to detergents, medical drugs, 
disinfectants, correction fluid, noise, vibration, draught, working with photocopiers 
and video display terminals. If the associations were judged to be relevant, the cova-
riables in question were entered simultaneously in the multivariate analyses. Cova-
riables were considered as confounders and controlled for if they changed the asso-
ciation between the index exposure and the outcome variable. 
Table 6.2 The distribution of occupational exposures and other characteristics of 170 
pregnant participants and the odds ratios (OR) of spontaneous abortion with the 95% 
confidence intervals (CI) 
Occupational exposure to: 
Correction fluid 
Vibration 
Noise 
Detergents 
Video display terminals 
Presence of children in the household 
Previously pregnant 
Previous spontaneous abortion 
Ever received fertility medication 
Ever undergone gynaecological operation 
Chronic disease 
Smoking cigarettes 
Alcohol consumption 
Education level 
moderate 
high 
Age>30 
N 
65 
22 
17 
75 
75 
44 
64 
25 
15 
15 
13 
76 
124 
54 
58 
77 
% 
38.2 
12.9 
10.0 
44.1 
44.1 
25.9 
37.6 
14.7 
8.8 
8.8 
7.6 
44.7 
72.9 
31.8 
34.1 
45.9 
OR 
05 
2.2 
0.4 
0.8 
1.1 
1.7 
1.2 
0.8 
2.1 
1.5 
05 
0.9 
1.9 
1.5 
1.8 
1.0 
95% CI 
0.2-1.3 
1.0-5.2 
0.1-2.4 
0.4-1.6 
0.5-2.3 
0.8-3.7 
0.6-2.5 
0.3-2.5 
0.8-5.5 
0.5-4.5 
0.1-3.3 
0.4-1.9 
0.7-5.0 
0.6-3.5 
0.7-4.4 
0.5-2.2 
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RESULTS 
Of 260 participants, 42 (16%) were cleaners, 57 (22%) kitchen staff and 161 (62%) 
belonged to the category clerical workers (secretaries, typists, doctor's assistant-, 
dieticians and telephone operators). During the year of follow-up 170 (65.4%) parti-
cipants had a positive pregnancy test: 110 clerical workers, 36 kitchen staff and 24 
cleaners. Of these 170 pregnancies, 24 (14%) ended in a spontaneous abortion The 
median time between the pregnancy test and the first day of the last menstrual period 
was 34 days (range 27-95) in the full-term group and 36 days (range 30-53 days) in 
the spontaneous abortion group. The time between the first day of the last menstrual 
period and the occurrence of a spontaneous abortion ranged from 33 to 112 days 
(median 48 days). Table 6.2 presents odds ratios (OR) for several occupational expo-
sures and other characteristics of the participants. 
Occupational Energy Expenditure and Spontaneous Abortion 
Participants with a high intensity score had jobs that required walking, bending, 
reaching and lifting during most of the working hours. High fatigue scores represen-
ted high intensity scores combined with full-time or part-time work but also medium 
level intensity scores combined with full-time work. According to the Spearman 
correlation coefficient of 0.54 between the scores, they indeed represented some-
what different aspects of the occupational physical activity level. 
Table 63 Risk ratios (RR) (Mantel-Haenszel estimates) and 95% confidence intervals 
(95% CI) of the occurrence of spontaneous abortion for different levels of occupational 
physical activity according to working hours and working speed 
Total group 
(N=170) 
RR (95% CI) 
Fatigue score 
low (N =83) reference 
moderate (N = 57) 0.7 (0.3-1.8) 
high (N = 29) 1.4 (0.6-3.5) 
"Logit estimation because of zero cell number 
Working hours 
Unfavourable Normal 
(N=56) (N=113) 
RR (95% CI) RR (95% CI) 
Intensity score 
low (N = 120) reference reference reference 
high (N = 50) 1.2 (0.5-2.6) 1.6 (0.5-5.2) 0.9 (0.3-3.0) 
refere ce 
.  ( . - . ) 
reference 
0.2' (0.01-3.0) 
0.8 (0.2-2.9) 
r f r  
.  ( . - . ) 
reference 
1.2 (0.4-3.5) 
2.3 (0.6-8.1) 
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There were only small differences in the risk of spontaneous abortion between 
participants with work of high and low intensity scores. Unfavourable working hours 
and high working speed (not presented) did not change this picture (Table 6.3). Con­
trolling for potential confounders did not affect the results. 
The fatigue score of the work had only a small effect on the risk of spontaneous 
abortion and the confidence intervals were wide (Table 6.3). 
Occupational Biomechanical Load and Spontaneous Abortion 
High peak pressure scores were related to jobs which predominantly involved ben­
ding and lifting. High chronic pressure scores represented high peak pressure scores 
combined with full-time or part-time jobs and moderate peak pressure scores with 
full-time work. The Spearman correlation coefficient between the peak pressure and 
chronic pressure scores was 0.63. There was a weak association between the number 
of hours of bending and lifting per day (Spearman correlation coefficient = 0.44). 
The correlation between the number of hours of lifting and the peak pressure scores 
and chronic pressure score was 0.61 and 0.45 respectively. With respect to the num­
ber of hours of bending, these figures were 0.79 and 0.68 respectively. 
Table 6.4 Crude and adjusted odds ratios (OR) and 95% confidence intervals (CI) of 
the occurrence of spontaneous abortion for different aspects and levels of biomechanical 
workload 
Biomechanical 
load 
Peak 
pressure score 
Chronic 
pressure score 
Lifting 
Bending 
Levels 
Low 
High 
Low 
High" 
Very high" 
Low 
High 
Low 
High 
N 
107 
63 
117 
53 
35 
134 
35 
93 
77 
OR crude (95% CI) 
reference 
2.32 
reference 
1.38 
1.68 
reference 
1.34 
reference 
2.83 
(0.96-5.58) 
(0.56-3.30) 
(0.62-4.57) 
(0.49-3.63) 
(1.15-6.96) 
ORadj" 
reference 
3.06 
reference 
1.15 
1.34 
reference 
1.07 
reference 
3.19 
(95% CI) 
(1.06-8.85) 
(0.45-2.94) 
(0.44-4.01) 
(0.34-3.35) 
(1.27-9.78) 
' Adjusted for exposure to vibration, correction fluid, educational level, alcohol consumption and exposure 
to noise whereever necessary 
ь
 Very high is part of the high category 
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The OR of spontaneous abortion for participants with a high peak pressure score 
was twice as high as that for the participants with low scores. Correction for the 
influence of exposure to vibration and correction fluid, educational level and alcohol 
consumption, increased the OR further (Table 6.4). 
A high chronic pressure score showed a slightly increased OR for spontaneous 
abortion. Exposure to vibration seemed to be the only important confounder and 
correction for the influence decreased the OR of spontaneous abortion for high com-
pared to low chronic pressure score to close to one (Table 6.4). A very high chronic 
pressure score, equivalent to more than about 4 hours of bending work per day, 
increased the OR of spontaneous abortion to 1.7. The adjusted OR was lower and the 
confidence intervals were rather wide (Table 6.4). 
The participants who reported doing work which necessitated lifting > 1 hour per 
day, showed a slightly elevated OR for spontaneous abortion. Correction for con-
founding did decrease the OR to almost the null value (Table 6.4). 
Work which involved bending for at least 1 hour per working day increased the 
OR of the occurrence of spontaneous abortion by almost three times (OR=2.8, 95 % 
CI, 1.2-7.0). The adjusted OR was even higher (Table 6.4). 
DISCUSSION 
To our knowledge, this is the first study in which working women were recruited 
before pregnancy in order to register early pregnancy outcome prospectively and to 
reveal the possible relationship with occupational physical activity level. The results 
provide evidence for a relationship between the level of occupational physical acti-
vity and the occurrence of spontaneous abortion. Work with a high biomechanical 
load, in particular work involving a great deal of bending, seemed to be positively 
related to the occurrence of spontaneous abortion. This study did not show any indi-
cations that the energy expenditure of occupational activity had an effect on early 
pregnancy failure. Before discussing the implications of the findings, the methodo-
logical strengths and weaknesses of the study should be considered. 
Selection Bias 
It is clear that the study population was selected with respect to fertility (after 1 year 
of follow-up 65% were pregnant versus 85-90% expected), which may imply selec-
tion on the risk of spontaneous abortion. The selection on fertility is not likely to be 
related to the physical exposures because participants who were already trying to 
conceive before enrolment in the study did not differ in mean occupational physical 
activity level from those who were just starting. Therefore bias in the risk estimates 
in this study due to selective participation is not very likely.32 
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Another selection problem is the loss to follow-up. Of the 170 pregnant partici­
pants, only seven were lost to follow-up before the 27th week of pregnancy. One of 
these pregnancies was terminated for private reasons. The other six ended in a live-
born child. It is very unlikely that they could have biased the results. 
Information Bias 
The classification of occupational physical activity level was done before the occur­
rence of spontaneous abortion. Very detailed job histories, supplemented by specific 
questions about exposure, were used to minimize measurement error. Although the 
participants were the source of information, gross misclassification is not expected, 
especially because several aspects of occupational physical activity were defined in 
various ways. It should be noted that the occupational physical activity level was 
estimated only once under the assumption that it did not alter during early pregnan­
cy. There appeared to be no relation between occupational physical activity and the 
reported changes in the number of working hours during pregnancy. There was a 
small positive association between sick leave and the level of occupational physical 
activity. This may imply that the contrast between the activity levels was smaller 
than described here, which could have lead to underestimation of the quantitative 
effects. Also the absence of data on recreational physical activity, such as sports, 
could introduce an underestimation of the real effects if there was a strong negative 
relation between occupational and recreational physical activities. A strong positive 
association seems to be unlikely. 
Regarding the outcome information, it should be stressed that the validity of the 
pregnancy test used was very high.23 The moment of urine testing was dependent on 
the regularity of the menstrual cycle to avoid too many negative test results. This 
could have led to an underestimation of the early spontaneous abortion rate and 
some misclassification of the outcome, which would be non-differential, because 
there was no clear relationship between cycle irregularity or length and the occupa­
tional physical activity level.33 
Confounding 
We analysed the influence of several other occupational and non-occupational risk 
factors for spontaneous abortion. Exposure to vibration, correction fluid and the par­
ticipant's educational level were confounders in almost every analysis. With respect 
to exposure to vibration and correction fluid, the question of overcorrection arises, 
because of their strong association with occupational physical activity. Neverthe­
less, the results were only marginally altered by correction. 
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Evaluation of the Results 
It can be concluded that selection, confounding and observation bias are not very 
likely reasons for the effect of occupational biomechanical load (in particular work 
which involved much bending) on the risk of spontaneous abortion. 
The first indications that strenuous work had an effect on the occurrence of spon­
taneous abortion came from studies that focused on non-physical aspects of work.15" 
17
 The relation between occupational physical exertion and the occurrence of sponta­
neous abortion was the primary objective in only two studies. McDonald et al. ana­
lysed pregnancy-work histories collected just after delivery or the occurrence of a 
spontaneous abortion (before 28 weeks of gestation). Only women employed for at 
least 30 hours a week were included.1819 They found significant adjusted risk ratios 
for spontaneous abortion for heavy lifting which occurred >15 times per day (O/E = 
1.3), for physical effort (unspecified O/E = 1.3), and for standing for >8 hours per 
day (O/E = 1.1). In Orebro, Sweden20 Ahlborg et al. collected information on work 
exposures in the first trimester of pregnancy in a population of working women, 
employed for at least lweek during pregnancy. They did not find any evident associ­
ation between heavy lifting and the occurrence of spontaneous abortion However, 
the possible effects of other aspects of physical occupational activity were not consi­
dered, and these authors might have missed early spontaneous abortions. With res­
pect to heavy lifting, only the Canadian study showed an effect on the risk of spon­
taneous abortion.19 This could have been related to bias caused by the retrospective 
design but also by the fact that their population included many occupations, which 
may imply that, in general, heavier loads were involved and that in their more 'in­
dustrial' population, the opportunities to leave the heavy weights to colleagues (which 
may happen unawares) were negligible. From all the available information, it can be 
concluded that the lifting conducted by medical20 and our non-medical population at 
hospitals, did not seem to be an important risk factor for the occurrence of spontane­
ous abortion. 
This is the only study which has analysed occupational physical activity in detail. 
The peak pressure score showed the most outstanding effect on the risk of spontane­
ous abortion. This suggests that the biomechanical workload has to reach a certain 
threshold in order to generate an effect. High chronic pressure scores, typically a 
moderate workload combined with a large number of working hours did not seem to 
have any clear effect on spontaneous abortion. Additional analyses showed that the 
effect of the peak pressure score was concentrated in the group of participants who 
were employed for >4 hours per day (RR = 2.9; 95% CI: 1.2-7.1). Bending seemed 
to be the most hazardous posture with respect to the occurrence of spontaneous abor­
tion. Regarding occupational physical activity level, it cannot be ruled out that more 
early spontaneous abortions were missed in the group of participants whose work 
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involved high energy expenditure. An effect could have been missed. M 
In summary, this study indicates that very early in pregnancy, strenuous work, i.e. 
occupational activity involving tasks which cause a relatively high increase in the 
intra-abdominal pressure, leads to an elevated risk of the occurrence of spontaneous 
abortion. A small influence of energy expenditure cannot be excluded. Further re-
search is needed and should be focused on the effect of energy expenditure on early 
pregnancy outcome. 
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ABSTRACT 
The influence of occupational physical activity on pregnancy duration and birth weight 
was examined. 
In this prospective study information on levels of occupational physical activity was 
collected during personal interview before pregnancy and possible changes were 
registered during follow-up, which lasted until after birth. Data on pregnancy dura-
tion and birth weight were obtained from midwives, physicians, and obstetricians. 
The occupational energy expenditure was operationalized in intensity and a fatigue 
scores, which were studied as such and in combination with working hours and wor-
king speed. The occupational biomechanical load was operationalized in a peak and 
a chronic pressure score. 
The participants were part of a group of 260 cleaners, kitchen staff, and clerical 
workers enrolled from 39 Dutch hospital between August 1987 and January 1989 
before they became pregnant. One hundred and twenty eight of these women were 
eligible for study, because they became pregnant, they worked at least six weeks 
during pregnancy, and information on work aspects during pregnancy and pregnan-
cy outcome was complete. 
Work with a high intensity score, and to a less extent work of a high fatigue score, 
had the most outstanding effect (up to 18 d shorter) on pregnancy duration when the 
working speed was high. None of the studied aspects of occupational physical acti-
vity showed a relevant influence on birth weight when adjusted for pregnancy dura-
tion. 
This study indicates that levels of occupational physical load as found in the work of 
female support staff at hospitals, especially when combined with high working speed 
can lead to a shorter pregnancy period. 
INTRODUCTION 
Over the past decades, there has been a growing interest in research into the relation-
ship between maternal occupational activity level and pregnancy outcome, especial-
ly low birth weight and premature delivery.1 It is stated that high levels of occupatio-
nal physical activity may influence uterine blood flow which may interfere with the 
supply to the fetus and subsequently with fetal growth and premature delivery.25 It is 
also possible that occupational tasks which include reaching, bending, and lifting, 
may (overload the spine and increase the intraabdominal pressure, predisposing to 
premature birth.6 
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Tbe first studies on occupational physical activity and premature birth and or birth-
weigh did not focus on specific working conditions.7 Studies published later were 
better designed and took specific aspects of occupational physical activity into ac­
count. The results were, however, controversial, but seem to indicate an association 
between strenuous work and adverse pregnancy outcomes, such as prematurity and 
low birth weight821 The strength of this association has decreased over the years in 
which the studies were conducted. 
We performed a prospective study on the influence of occupational factors on 
fecundability and pregnancy outcome in support staff at hospitals. This enabled us to 
test the hypothesis that the level of occupational activity during pregnancy in this 
population influences pregnancy duration and birth weight. 
SUBJECTS AND METHODS 
Subjects 
From June 1987 to January 1989, female workers between 18 and 39 years of age, 
and working in nonmedical functions at 39 Dutch hospitals, were invited to partici­
pate in this study if they were planning to become pregnant during the forthcoming 
year. We approached 7000 women and estimated that 330 would be eligible for par­
ticipation (using the Dutch pregancy rate of 5%,и an estimation of unplanned preg­
nancies of 20%, "an infertility rate of 15%). The 283 actual participants represent a 
response rate of about 85%. However, 23 participants did not belong to the occupa­
tional categories under study (cleaners, kitchenstaff and clerical workers) and were 
excluded from the analyses. 
Eligible for the analyses on pregnancy duration and birth weight, were the women 
who conceived during the year of follow-up with a duration of pregnancy of at least 
26 weeks (menstrual age). 
Data collection 
At enrollment (i. e. before pregnancy) participants were interviewed personally using 
a structured questionnaire. Information on the current daily occupational activity 
was obtained by recording all the activities of a usual working day in chronological 
order, supplemented by questions on the time spent on activities such as sitting, 
standing, walking, bending, reaching and lifting. In addition, information on the num­
ber of working days, working hours and working speed was collected as was infor­
mation on other occupational exposures, such as working with detergents, medical 
drugs (including antibiotics, hormones and antineoplastic drugs forming part of the 
hospital environment) and other chemical substances, exposure to noise, vibration 
and draft and working with video display terminals, correction fluids and photo-
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copiers. Finally, there were questions on the amount of time spent on housekeeping, 
the size of the family and household help. 
Questions on the menstrual cycle, reproductive history, demographic characteris-
tics and lifestyle factors were also included. 
During the follow-up of at least one year, pregnancy was confirmed as early as 
possible using standardized urine test methods.24 During pregnancy, participants used 
a special calendar to keep a record of changes in their occupational activities and 
exposures, sick leave, lifestyle factors, and medical drug use, supplemented by data 
regarding the course of pregnancy and birth. Every three months participants were 
reminded of the study and stimulated to keep records on the calendar. Obstetric data, 
including the birth weight and full term date, were collected from midwives, physi-
cians and obstetricians; in cases with missing information, the data reported by the 
participants were used in the analyses. Instead of pregnancy duration, gestational 
discrepancy was used in the analysis, being the difference in days between the date 
of birth and the expected full term date. 
Operationalization of occupational physical activity 
Two components of occupational physical activity were considered: an energy and a 
biomechanical component 
Energy expenditure 
Energy expenditure weights were assigned to the different occupational activities 
according to mean energy expenditures reported for adult women with normal body 
weight in the literature. These weights (in parentheses) roughly estimate the rate at 
which the basal metabolism is increased for that particular activity: sitting (1.5), 
standing (2.0), walking (4.0), standing alternated with walking (2.5), reaching (3.0), 
bending (4.0) and lifting (5.0).25"28 The daily occupational energy expenditure was 
calculated as the sum of hours per day spent on the different activities, each multi-
plied by the energy expenditure weights. This is called the fatigue score. To estimate 
the mean occupational energy expenditure per hour an intensity score was calculated 
as the ratio of the fatigue score and the number of working hours per day (Table 7.1). 
The time of day and working speed are aspects which are very likely to influence the 
fatigue and intensity scores. Hours before 8:00 a.m. and/or after 06:00 p.m. are con-
sidered unfavourable working hours. The participants were asked to divide their 
working day into periods of work at a low, moderate, and a high speed. The working 
speed was considered to be high if the work was done at a high speed for more than 
50% of the time (Table 7.1). 
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Table 7.1 Operationalization of occupational physical activity, working hours and 
working speed 
Occupational physical activity Levels 
Intensity score = 
energy expenditure per working hour 
Fatigue score = 
energy expenditure per working day 
Working hours 
Working speed 
Peak pressure score = 
abdominal pressure per working hour 
Chronic pressure score = 
abdominal pressure per working day 
Lifting 
Bending 
Low: < 3.5 times the basal metabolic rate (BMR) 
High: £ 3.5 times the BMR 
Low: <, 2 times the BMR 
Moderate: > 2 times the BMR and < 3 times the BMR 
High: > 3 times the BMR 
Normal: between 08:00 and 18:00 
Unfavourable: outside 08:00 and 18:00 
Low: high speed for < 50% of the working hours 
High: high speed for £ 50% of the working hours 
Low: < 4 score points* 
High: > 4 score points* 
Low: < 25 score points' 
High: > 25 score points' 
Very high: £ 32 score points' 
No: < 1 h per working day 
Yes: > 1 h per working day 
No: < 1 h per working day 
Yes: ä 1 h per working day 
' One point = the intra abdominal pressure during 1 h of walking, 4 points = 30 min of bending. 
(See the Subjects and Methods section) 
Biomechanical load 
According to the estimated pressure on the spinal cord during different work pos-
tures, which was assumed to parallel the intraabdominal pressure, pressure weights 
were assigned to the different postures.2933 These weights (in parenthesis) estimate 
the rate at which the intraabdominal pressure increases during that particular pos-
ture, with walking as the reference: sitting (3.0), standing (2.0), walking (1.0), stan-
ding alternated with walking (1.5), reaching (4.0), bending (8.0) and lifting (8.0). 
The daily occupational abdominal pressure was calculated as the sum of hours per 
day spent in the different postures multiplied by the infraabdominal pressure weights. 
This is called the chronic pressure score. To estimate the mean occupational abdomi-
nal pressure per working hour a peak pressure score was calculated as the ratio of the 
chronic pressure score and the number of working hours per day. Both scores were 
classified into high and low categories (Table 7.1). In addition, participants were 
classified according to their engagement in lifting or bending work for more or less 
than 1 h per working day. 
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Statistical analysis 
The period of pregnancy was divided into three segments: weeks 6-22; weeks 23-30, 
and weeks 31 -40. The participants contributed to the information on these segments 
whenever they worked for at least 1 day in that period. Occupational physical activi-
ty scores were adjusted according to the reported changes in working hours or 
workload during the three segments. The influence of occupational activity on gesta-
tional discrepancy was analysed for each segment by using multiple linear regres-
sioa To analyse birth weight adjusted for pregnancy duration, gestational discrepan-
cy was added to the regression models with birth weight as the dependant variable. 
In the regression models with occupational energy expenditure, working hours and 
working speed were treated as interaction variables; in addition the influence of no-
noccupational energy expenditure (ie. the number of children in the household, the 
number of hours of housework, household help and additional jobs) was tested in 
every model. 
The following variables were scrutinized for their confounding properties by in-
vestigating whether there was any association with occupational activity on the one 
hand and gestational discrepancy and adjusted birth weight on the other: age, pre-
vious number of pregnancies (gravidity), previous spontaneous abortions, fertility 
treatments, medical drag utilization, current chronic disease, smoking, caffeine and 
alcohol consumption and educational level. Because of the expected influence of 
prepregnancy maternal body weight on the birth weight of the child, this covariable 
was included in every analysis of birth weight. Only occupational exposures to which 
at least 5% of the pregnant women were exposed, were included in the analysis. 
Such exposures involved detergents, medical drugs, disinfectants, correction fluid, 
noise, vibration, draft, work with photocopiers and video display terminals. The sco-
res of the covariables were adjusted according to the reported changes in exposures 
or consumption during pregnancy in the same way as was done for occupational 
activity scores. 
If the associations were judged to be relevant, the specific covariables were ente-
red in the multivariate analyses. Covariables were considered as confounders and 
controlled for if they changed the association between the index exposure and the 
outcome variables. 
RESULTS 
From the group of 260 participants, 156 became pregnant and continued pregnancy 
for more than 26 weeks. The analyses on birth weight and gestational discrepancy 
were restricted to 128 participants with complete information on work aspects and 
pregnancy outcome and who had worked for at least six weeks during pregnancy. 
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The distribution of occupational physical activity levels and other characteristics are 
presented in Tables 7.2 and 7.3. The number of working participants declined during 
pregnancy, but 98 (75%) were still working after the 30th week of pregnancy. Only 
15 participants reported changes in the number of working hours and very few repor-
ted changes in workload. 
Over the total pregnancy period, 29 participants had reported absenteeism for at 
least one week. These workers had higher occupational activity scores than the mean 
scores of the total group. 
Participants with a high intensity score had jobs that required walking, bending, 
reaching, or lifting during most of the working hours. High fatigue scores represent-
ed high intensity scores combined with full-time or part-time work but also low 
intensity scores combined with full-time work. According to the Spearman correla-
tion coefficient of 0.53 between the scores in the first pregnancy period, they indeed 
represent partly different aspects of occupational physical activity. 
High peak pressure scores were related to jobs predominantly involving bending 
and lifting. High chronic pressure scores represented high peak pressure scores com-
bined with full-time or part-time jobs and low peak pressure scores with full-time 
work. The Spearman correlation coefficient between the peak pressure and chronic 
pressure scores in the first pregnancy period was 0.66. 
There was a moderate association between the number of hours spent bending and 
lifting per day (Spearman correlation coefficient 0.48). The correlation coefficients 
between the peak pressure scores or chronic pressure score and hours of lifting were 
0.63 and 0.47, respectively. With respect to the number of hours spent bending, these 
figures were 0.78 and 0.70, respectively. 
Gestational discrepancy 
Of the group of 128 participants, the mean difference between the date of birth and 
the fullterm date was -2.6 days (S.D.=11.6) with a range of -54 to +25 days, corre-
sponding with a pregnancy duration of 32-43.5 weeks (since the last menstrual pe-
riod). Gestation lasted less than 37 weeks (259 days) in nine cases (7%). The univa-
riate relationship between occupational physical activity levels and other characte-
ristics on the one hand and gestational discrepancy on the other hand are presented in 
Tables 7.2 and 7.3. 
Intensity score 
During all three pregnancy periods, about 75 % of the working participants had work 
with a low intensity score and 25% had a high intensity score. Work with a high 
intensity score had the most outstanding (adjusted) effect on gestational discrepancy 
when combined with high working speed (Table 7.4). The effect became larger as 
pregnancy progressed. Between the 30th and 40th week of pregnancy, the mean 
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pregnancy duration of participants with work with a high intensity score was 18 days 
shorter than that of the participants with work with low intensity scores if the wor-
king speed was high. No other combination of high intensity score with the other 
work circumstances showed a relevant effect on gestational discrepancy. 
Fatigue score 
During all three pregnancy periods, about 50% of the working participants had work 
with a low fatigue score, 35% with a moderate and 15% with a high fatigue score. 
In general there was no clear relationship between the fatigue score of the work 
and gestational discrepancy. Only, when the working speed was high, the difference 
in gestational discrepancy between participants with work with high fatigue scores, 
in comparison with the ones with work of low scores, became more than one week 
(shorter) during all three pregnancy periods. Controlling for confounders (ie. occu-
pational exposure to medicines, gravidity, and the regular use of medical drugs) de-
creased the differences in mean gestational discrepancy to nonsignificant levels (Ta-
ble 7.4). 
Table 7.4 Occupational energy expenditure (intensity score, fatique score and wor-
king speed) during different periods of pregnancy and gestational discrepancy ' : adjusted* 
regression coefficients (ß) with standard errors (SE) 
Intensity score 
High = 1, low = 0 
Intensity score 
when working speed was high 
High = 1, low = 0 
Fatigue score 
Moderate = 1, low = 0 
High= l,low = 0 
Fatigue score 
when working speed was high 
Moderate = 1, low = 0 
High= l,low = 0 
Weeks 6-22 
(N = 
ß 
-3 
-13 
-2 
-1 
-4 
-7 
128) 
(SE) 
2 
6 
2 
3 
6 
6 
Pregnancy period 
Weeks 23-30 
(N = 
ß 
-2 
-15 
-2 
0 
-1 
-5 
118) 
(SE) 
2 
5 
2 
3 
5 
6 
Weeks 31^0 
(N = 
ß 
-3 
18 
0 
1 
0 
-9 
: 98) 
(SE) 
2 
5 
2 
3 
6 
б 
* Presented as deviations in days from the full-term date 
ъ
 Adjusted for exposure to medicines, regular use of medical drugs, smoking and gravidity, 
when necessary 
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Biomechanica! load 
About 35% of the participants had work with a high peak pressure score and about 
30% with a high chronic pressure score, including 20% with a very high chronic 
pressure score. This distribution was not affected by the women who stopped work­
ing during pregnancy nor was the distribution for lifting and bending work. Twenty 
percent had lifting work for more than 1 h per day, and 40% had bending work for 
more than 1 h per day. 
Work with high peak pressure scores, as well as work with high or very high 
chronic pressure scores did not influence gestational discrepancy to any relevant 
extent. Neither did work which involved more than 1 h of lifting per day affect 
gestational discrepancy (data not shown). Bending for at least lhour a day increased 
gestational discrepancy, but the adjusted effect became smaller (and nonsignificant) 
in the later pregnancy periods (Table 7.5). 
Table 7.5 Biomechanical work load during different periods of pregnancy and gestational 
discrepancy *: adjustedъ regression coefficients (β) with standard errors (SE) 
Pregnancy period 
Weeks 6-22 Weeks 23-30 Weeks 31 -40 
(N=128) (N=118) (N= 98) 
ß (SE) ß (SE) ß (SE) 
Peak pressure score 
High = 1 , low = 0 -2 
Chronic pressure score 
High = 1 , low = 0 -4 
Very high = 1, low = 0 -3 
Bending 
£ l h o u r = l; -4 
< 1 hour per working day = 0 
" Presented as deviations in days from the full-term date 
b
 Adjusted for exposure to medicines, noise, former fertility medication, former gynaecological 
operations, regular use of medical drugs and smoking 
2 - 1 2 -4 2 
2 -4 2 -3 2 
3 -2 2 -2 3 
2 -3 2 -2 2 
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Adjusted birth weight 
The univariate relationship between occupational physical activity levels and other 
characteristics on the one hand and adjusted birth weight on the other hand are pre-
sented in Tables 7.2 and 7.3. The energy expenditure of the work (intensity score and 
fatigue score) did not influence the adjusted birth weight after control for confound-
ing (Table 7.6). 
Table 7.6 Occupational energy expenditure (intensity score, fatigue score and working 
speed) during different periods of pregnancy and adjusted birth weigth (grams): adjusted * 
regression coefficients (ß) with standard errors (SE) 
Pregnancy period 
Intensity score 
High = 1, low = 0 
Intensity score 
when work speed was high 
High = 1, low = 0 
Fatigue score 
Moderate = 1, low = 0 
High = 1 , low = 0 
Fatigue score 
when work speed was high 
Moderate = 1, low = 0 
High = 1, low = 0 
Weeks 6-22 
(N: 
β 
-60 
-134 
54 
-7 
91 
89 
= 128) 
(SE) 
100 
215 
97 
125 
244 
257 
Weeks 23-30 
( Ν : 
β 
-58 
-53 
41 
-22 
-92 
97 
= 118) 
(SE) 
91 
211 
97 
123 
244 
253 
Weeks 3 W 0 
(Ν 
ß 
-67 
-152 
-26 
-148 
-119 
-22 
= 98) 
(SE) 
101 
211 
105 
132 
285 
290 
' Adjusted for working with detergents and copying machines, exposure to noise and 
disinfectants, help in the household, number of hours of housework, smoking, former 
spontaneous abortions, former gynaecological operation and prepregnancy weight when 
necessary 
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With respect of the biomechanical load of the work, only work with very high 
chronic pressure scores showed some effect on the adjusted birth weight, but the 
95% confidence intervals included zero (Table 7.7). 
Table 7.7 Biomechanical work-load daring different periods of pregnancy and adjusted 
birthweight (grams): adjusteda regression coefficients (ß) with standard errors (SE) 
Peak pressure score 
High = 1 , low = 0 
Chronic pressure score 
High = 1 , low = 0 
Very high = 1, low = 0 
Bending 
> l h o u r = l ; 
< hour per workday = 0 
Weeks 6-22 
(N = 128) 
ß (SE) 
-53 95 
-117 100 
-179 111 
-70 89 
Pregnancy period 
Weeks 23-30 
(N: 
β 
-73 
-77 
-152 
16 
= 118) 
(SE) 
86 
98 
107 
85 
Weeks 3 1 4 0 
( N = 98) 
ß (SE) 
-85 93 
-127 104 
-178 107 
-27 90 
* Adjusted for working with detergents and copying machines, exposure to noise and 
disinfectants, help in the household, number of hours of housework, smoking, former 
spontaneous abortions, former gynaecological operation and prepregnancy weight when 
necessary 
DISCUSSION 
In this study, female workers were recruited before pregnancy and followed during 
pregnancy, so that the effect could be studied of occupational physical activity in 
consecutive periods of pregnancy on pregnancy duration (gestational discrepancy) 
and birth weight. The results showed that pregnancy duration was shortened for par-
ticipants with work with high intensity and high fatigue scores compared with lower 
scores, in particular when the working speed was high. There were no effects of 
these circumstances on birth weight when adjusted for gestational discrepancy. The 
biomechanical load (peak pressure score and chronic pressure score) of the work did 
not influence gestational discrepancy or adjusted birth weight to any relevant extent. 
Before discussing the implications of the findings, the possibility of bias should 
be considered. 
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Selection bias 
The primary study population was selected with respect to fecundability. (After one 
year of follow-up 65% were pregnant versus 85-90% expected.) However, these 
figures do not imply selection on pregnancy outcome. With respect to loss to follow-
up, it should be noted that for 20 out of the 156 participants with a pregnancy of 
more than 26 weeks, information from the pregnancy supervisors was missing. In 
addition, information was missing on the duration and changes in work during preg-
nancy in six cases. As the distribution of occupational activity scores before preg-
nancy among these dropouts was equal to that of the participants with complete 
information, it is very unlikely that selection could have biased the results. 
Information bias 
The classification of the occupational physical activity level was based on very de-
tailed job descriptions, supplemented by specific questions on specific tasks. Instead 
of the overall scoring of physical activity as proposed by Mamelle et al,34·35 we 
continued to perform the analyses on each of the aspects of physical load and other 
occupational exposures separately. Per pregnancy period, the reported changes in 
the number of working hours were incorporated into the occupational physical acti-
vity scores. 
Although the participants were the source of information on physical activity, 
differential misclassification was not expected either because there was no relation-
ship between the reporting of changes and the occupational activity level. However, 
there was a positive relationship between sick leave of more than one week and 
occupational physical activity scores, especially with respect to the biomechanical 
load scores. This finding suggests that the contrast between the activity levels may 
have been smaller in reality than has been described in this study and therefore, 
could have led to underestimation of the quantitative effects. 
Regarding gestational discrepancy as an outcome parameter, it should be men-
tioned that the full term date was derived from the date of the last menstrual period. 
In the case of irregular menses, the expected full term date was very likely estimated 
too early and consequently the gestational discrepancy was underestimated. As there 
was no clear association between the occupational physical activity level and the 
length of the menstrual cycle,36 this underestimation of gestational discrepancy should 
be nondifferential. Birth weight probably only had a small measurement error that 
was unrelated to activity scores. 
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Confounding 
The study results were adjusted for the influence of several other occupational and 
nonoccupational determinants of pregnancy duration and low birth weight. We did 
not analyse the influence of maternal height because this information was missing 
for 32 of the participants. No information was collected on paternal height and weight. 
Although these characteristics have been described as determinants of birth weight 
31
, there is no reason to expect a strong relationship between parental status and 
occupational physical activity of the participants. Therefore this omission will very 
likely not bias the study results. 
A major point is the absence of data on leisure-time physical activities, such as 
sports, which could have introduced confounding. If any association exists between 
sports and occupational activity, it would be negative. Therefore, our findings would 
represent an underestimation of any real associations if this negative association 
between occupational and leisure-time activities was strong in the study population. 
Evaluation of the results 
Several other authors have conducted studies on the relationship between working 
conditions during pregnancy and late pregnancy outcome.821 Most of the earlier stu-
dies were retrospective with the possibility of recall bias.8"13 All but one8 reported 
negative effects of streneous work on pregnancy duration or birth weight 
Two recent studies conducted in Guatamala and the Philippines, found associa-
tions between physical activity (e.g. physical stress and standing) and prematurity, 
birth weight, or the number of babies small for their delivery date.15·19·20 The total 
energy expenditure was positively associated with increased birth weight in the Phi-
lippines. 
Many of the recently published studies from industrialized countries have failed 
to report a relationship between levels of streneous work and low birth weight or 
prematurity.16"19·21 As an exception to this, Nurminen et al reported an association 
between occupational physical activity and low birth weight in a retrospective stu-
dy.14 In prospective studies, only Teitelman et al have found an effect of increased 
levels of standing on prematurity and low birth weight, but not on the adjusted birth 
weight.17 However, information on standing was derived purely from the mothers' 
occupational titles. 
The other three prospective studies, all conducted between 1980-1988, did not 
report any clear effects of aspects of strenuous work on low birth weight and prema-
turity, whether or not controlled for leisure-time physical activity.16'1819 Saurel and 
his colleagues, who found that physical work conditions had an effect on prematuri-
ty in former studies,10·11 also recently published the results of a retrospective study 
showing no effect when occupation was controlled for.21 It was suggested by the 
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authors that social status, related to occupation may be more important than the spe-
cific working conditions. 
In contrast to these recent studies, we did find that occupational physical activity 
affected late pregnancy outcome, in particular pregnancy duration. One explanation 
for this discrepancy with the literature is that we analysed the difference between the 
date of birth and the full term date (the gestational discrepancy) in days, whereas 
other authors studied prematurity (defined as a pregnancy duration of less than 37 
weeks). This latter analysis on our population would not have produced effects. This 
result is in agreement with that of Ahlborg et al who found that heavy lifting had an 
effect on pregnancy duration (in weeks) but no effect on prematurity in several subpo-
pulations.16 Our lack of positive results on lifting on the other hand contradicts these 
findings. A difference between the two study populations in the amount of weight 
usually lifted, cannot be excluded, however. We did not find a clear relationship 
between occupational physical activity and birth weight adjusted for pregnancy du-
ration. Rabkin et al and Ahlborg et al studied birth weight in grams and found that 
occupational activity did not have any clear effect on (adjusted) birth weight ei-
ther.1618 
In summary, this study indicates the levels of physical workload, as found in sup-
port staff at hospitals can lead to a shorter period of pregnancy. The combination of 
physical load and high working speed leads to even shorter pregnancy periods than 
would be expected from each of the factors individually. This result agrees with the 
modern view that female workers can generally cope with occupational strain, ex-
cept for complex situations with multiple exposures. 
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CHAPTER 8 
GENERAL DISCUSSION 
по 
Chapter 8 
INTRODUCTION 
The aim of this study was to assess the influence of occupational exposures and 
conditions on the reproductive health of female hospital support staff i.e. clerical, 
kitchen and cleaning staff. First, all the available evidence in the literature was used 
to make this objective more specific. Special attention was paid to ethylene oxide, a 
sterilising agent used at many hospitals and suspect for increasing the risk of sponta­
neous abortion in female workers. Evidence from the literature was combined with 
actual exposure data, which led to the conclusion that substantial exposure to ethyle­
ne oxide, in Belgium and the Netherlands, is confined to a small number of specially 
trained predominantly male workers. A valid epidemiological study to assess the 
possible inclination in the occurrence of spontaneous abortion due to exposure to 
ethylene oxide, would require immense international efforts to include enough fe­
male participants who are at risk of exposure and who are planning a pregnancy. 
Therefore we decided to refrain from such a study. Moreover, the results of the lite­
rature study showed that performing hospital support work involves relatively high 
levels of physical activity, while the frequency and level of exposure to hospital-
specific chemical and physical agents is generally estimated to be low. 
We further focused on the relationship between the occupational physical activity 
level and reproductive performance in female hospital clerical, kitchen and cleaning 
staff. A prospective study was conducted on 259 female workers, aged 18-39 years 
who were planning to become pregnant. The influence of several aspects of occupa­
tional physical activity on the menstrual cycle, fecundability, the occurrence of spon­
taneous abortion, gestational age and birth weight was studied. At the time of the 
study, fecundability was a new effect measure and had only been studied in relation 
to behavioural factors such as smoking cigarettes and caffeine intake.1 Therefore a 
study on the influence of life-style factors on fecundability was added to our core 
study. 
Before evaluating the results of the core study, we first discuss some validity aspects 
of the study. 
DESIGN AND STUDY POPULATION 
Assumptions on the biological model underlying the exposure effect was an impor­
tant factor in the strategy and design of the study. Strenuous work can cause repro­
ductive disorders in different ways: through high energy expenditure, it may influen­
ce hormone metabolism. Consequently, the menstrual cycle and the ability to achie­
ve pregnancy may be affected. In addition, during pregnancy, uterine blood flow 
may be influenced by high levels of physical occupational activity. Occupational 
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tasks which include reaching, bending and heavy lifting, may overload the spine and 
increase the intra-abdominal pressure. Both features may predispose to miscarriage, 
and in later pregnancy, interfere with fetal growth or cause preterm birth. 
The above- mentioned biological mechanism involves the assumption of a brief 
time span between exposure and effect (short induction and latency time). To ascer-
tain valid estimates of the occurrence of spontaneous abortion (the main outcome in 
this study) in relation to exposure information, a prospective design was chosen. It 
should be noted that spontaneous abortion is a relatively frequent event, i.e. affec-
ting 15% of all recognised pregnancies. 
The study population was selected to obtain sufficient contrast in exposure and 
sufficient risk for the occurrence of the effects. The occupational physical activity 
level of female hospital clerical, kitchen and cleaning staff was assumed to provide 
reasonable variation. To meet the second requirement, we recruited female hospital 
workers who were intending to become pregnant in the forthcoming year: about 5 % 
of the women aged between 18 and 39 years. 
A major draw-back of prospective studies is feasibility. To recruit a sufficiently 
large number of participants from hospital support staff, we approached the directors 
of 65 Dutch hospitals. After one year of trying to persuade them, the directors of 39 
hospitals from all over the country, agreed to inform their workers about the study. A 
total of 7000 workers were approached; 283 met the inclusion criteria and 260 be-
longed to the intended occupational groups. The organisation of the initial interview 
at home, including an explanation and arrangements about pregnancy testing, was 
elaborate and time consuming. In addition, many efforts were necessary for follow-
up activities: retrieving and processing calendar notes of participants, 3-monthly 
contact forms (and in addition special contact forms in the case of pregnancy, spon-
taneous abortion, childbirth) and information from the pregnancy supervisor and 
midwives. The 3-monthly contact form was aimed to check the calendar records and 
to motivate the participant to continue. Despite all our efforts, substantial loss to 
follow-up occurred. It should be noted that in the analyses on fecundability, sponta-
neous abortion, gestational age and birth weight, there was no difference in the mean 
occupational physical activity level between the participants with a complete fol-
low-up and the drop-outs. 
As a consequence of our recruiting strategy, workers with unintended pregnancies 
who may be highly fertile, were missed. However, less fertile workers may have 
been more likely to enrol, because of length bias and eagerness to participate. The 
pregnancy rate of 65% after one year of trying to conceive, versus 85-90% in the 
general population, illustrates the selection of subfertile women in our study. Selec-
tion on the outcome (low fecundability and probably menstrual cycle disturbances) 
does not necessarily preclude the detection of an etiological relationship, as long as 
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there is no relationschip between participation and the exposure under study (physi-
cal occupational activity).2 With respect to the analysis on the occurrence of sponta-
neous abortion, gestational age and birth weight, we did not expect any influence of 
this selection. In the analyses on menstrual cycle and fecundability we could not 
totally exclude bias in the effect estimate. As the occupational physical activity of 
the participants who were already trying to conceive was comparable to that of the 
participants who started trying to conceive at enrolment, differential selection is un-
likely. 
EXPOSURE CLASSIFICATION 
Correct assessment and classification of exposure is essential in order to obtain valid 
effect measures. Sophisticated measurement techniques (e.g. instruments attached 
to the participants), observation techniques (i.g. three dimensional video analysis), 
or diaries (logs), are too elaborate, expensive and time-consuming to use in epide-
miological studies.3 In this study, personal interviews were used, because informa-
tion on occupational conditions and reproductive aspects was very complex and the 
participants had a relatively low level of education. The questionnaire was designed 
on the basis of the literature and on expert opinions regarding occupational exposu-
res, reproduction and questionnaire methodology. 
Much effort was put into phrasing the questions. Try-outs were held with potential 
participants. Experienced interviewers were trained to use the questionnaire and were 
supervised while conducting the interviews. Responses to the questionnaires were 
evaluated immediately after completing each interview. 
Overall, the results of studies on the validity and reliability of questionnaires de-
signed to measure occupational physical activity and chemical exposures, show that 
information obtained about average physical activity and whole body postures was 
sufficiently reliable in most cases.3"7 Underreporting of chemical exposure and a lack 
of detailed information about postural load did pose a problem.4"4,8 To improve the 
accuracy of exposure data, we collected information not only by asking about expo-
sures to specific compounds, but also by asking about tasks and the departments and 
rooms that were visited regularly.9 Moreover, in this study, it was not necessary to 
collect highly detailed information about specific work postures (such as awkward 
postures and trunk rotation). The contrast in postural load between the occupational 
groups was large enough to prevent gross misclassification. 
It should be noted that timing of the exposure was only correct for spontaneous 
abortion, gestational age and birth weight With respect to fecundability, the exposu-
re estimates might have been biased because at enrolment, 56 participants (one fifth) 
had been trying to conceive for more than 1 year. These women might have changed 
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their original lifestyle in response to their fertility problem.10,11 As little was known 
about the association between behavioural risk factors and fecundability at the time 
of the study, this bias was probably small and especially in the case of occupational 
physical activity, we did not expect any important changes in exposure to be related 
to fertility problems. Reported changes in occupational exposure during pregnancy 
were measured and incorporated into the analyses. 
Our discussion about possible flaws in exposure classification shows that nondif-
ferential misclassification of exposure cannot be excluded. Simulation studies have 
shown that nondifferential misclassification may also lead to overestimation of the 
effect in the case of collapsing classes of nominal exposure variables with different 
risks of misclassification.12'13 In our study however, we expected to see dilution of 
the effect. 
We were able to analyse the influence of many potential confounders on the main 
studied effects. However, we did not collect any information on body weight, fat 
distribution1* and leisure time physical activities. 
ASSESSMENT OF OUTCOME PARAMETERS 
Reproductive outcome parameters studied were menstrual cycle length, fecundabili-
ty, the occurrence of spontaneous abortion, gestational age and birth weight. To obtain 
data on the menstrual cycle, we used the personal diaries of the participants or recall 
data. We used the time to pregnancy, i.e. the period between starting unprotected 
intercourse and a positive pregnancy test, as a measure for fecundability. As the 
former parameter partly relies on recall by the participants, some nondifferential 
misclassification might have occurred. The occurrence of pregnancy and spontane-
ous abortion were underestimated, because of very early pregnancy loss. Neverthe-
less this will not have been related to exposure. 
EVALUATION OF THE RESULTS 
When evaluating the results, we have to bear in mind that the power to detect small 
effects was limited in this study. This is illustrated by broad confidence intervals in 
some cases. In addition, we showed in the former paragraph that dilution of the 
effect due to nondifferential misclassification, was one of our concerns. Conse-
quently, sensitivity (the power to detect a real causal effect) was more of a problem 
than specificity (detection of false associations).15 
The main objective of this study was to investigate the relationship between the 
occupational physical activity level of hospital support staff and reproductive per-
formance. 
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A high level of occupational physical activity was not found to affect menstrual 
cycle characteristics. It was not completely clear whether this was due to the limited 
size of the subpopulation who participated in the study on the menstrual cycle, or 
whether it was a reflection of the fact that the level of physical activity in our popu-
lation did not lead to menstrual cycle disturbances. No publications are available in 
the literature on the results of other studies on the menstrual cycle and physical 
workload. Our study does not allow any concrete judgement of the influence of oc-
cupational physical activity on the menstrual cycle. 
Our findings demonstrated that fecundability was disrupted by a high level of 
occupational physical activity. Fecundability has been referred to as a very sensitive 
measure for subfertility and early embryonic loss110, but there were no other studies 
published about the relationship between occupational physical activity and fecun-
dability. The influence of occupational fatigue was reinforced when the work had to 
be done during unfavourable hours. This indicates that besides the energy require-
ments as such, too little time to recover can be an important aspect in the mechanism 
of conception. However, an indirect effect on the pattern of intercourse cannot ruled 
out. 
Our results on spontaneous abortion showed an elevated risk for occupational 
physical exertion, in particularly when the biomechanical workload was high. These 
results are in accordance with the literature. However, it depends on the studied 
occupational group whether heavy lifting, prolonged standing, frequent bending or 
other aspects of physical activity cause the effect. Here bending seemed to be the 
most hazardous posture. But the exact physiological mechanism by which these 
aspects of strenuous work could result in spontaneous abortion is unknown. Possible 
mechanisms include an increase in mtraabdorninal pressure and/or a decrease in uteri-
ne blood flow. 
This study revealed that energetic occupational activity affected gestational age, 
particularly when the activity was vigorous and conducted under time pressure. In 
contrast, publications on this topic has shown a positive influence of physical aero-
bic activity on pregnancy outcome rather than a negative one. However, these stu-
dies involved physically fit women, who were most likely a selected group, because 
of the job they chose or because they took voluntarily exercise in leisure time.16·17 
Work floor demands are more likely to produce strain, as they can be intense and are 
seldom under the individual's control.18 
In summary therefore, there is evidence that occupational physical exertion has a 
negative influence on aspects of reproduction, particularly when combined with other 
strenuous work conditions. 
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LEADS FOR FUTURE RESEARCH 
The limitations of this study and of others on occupational physical activity and 
reproduction, warrant priority in future research to improve methodological aspects. 
Validation of questionnaires to estimate occupational physical activity and other oc-
cupational exposures is necessary. 
To increase the validity of the assessment of reproductive outcome, in particular 
with respect to epidemiological studies on fecundability and spontaneous abortion, 
the feasibility of employing pregnancy tests very early in the menstrual cycle in 
large populations needs to be tested further.11 
Although it was possible to use a prospective design in occupational reproductive 
epidemiology, as shown here, it was very time consuming and demanded a great 
deal of effort from the participants. For research into fecundability, it would be worthw-
hile to explore methods to increase the validity of retrospective studies.10 To study 
spontaneous abortion, a prospective design seems to produce the most valid results, 
provided that loss to follow-up is prevented. 
As this is the first study to present data on the relationship between occupational 
physical activity and fecundability, further studies should be performed to confirm 
or refute the findings. Studies on occupational hazards that cause disturbances in the 
menstrual cycle are hampered by the widespread use of oral contraceptives. 
To study whether occupational physical activity affects spontaneous abortion, more 
studies are needed on other job categories, with emphasis on the validity of exposure 
measurements and complete correction for confounding. 
RECOMMENDATIONS 
The evidence in this study is insufficient to present any firm recommendations for 
occupational health management. The prevention of adverse health effects caused 
by a heavy physical workload should already form part of routine management in 
the Netherlands.19 Existing guidelines for pregnant women conducting strenuous work 
focus on late pregnancy, but may also be applied to first and second trimester preg-
nancies. This study may alert workers, occupational physicians and management 
teams to the potentially adverse effects of a heavy physical workload. A prudent, 
realistic attitude is recommended, until further studies have provided more definite 
answers. The exclusion of young women from jobs that are physically demanding 
cannot be justified on the basis of the available evidence, if it can ever be justified. 
Our findings support a policy in which working conditions are arranged so that 
they are also safe for women of child-bearing age. Ergonomie designs, reasonable 
working hours (including sufficient brakes), prevention of overload and the rotation 
of tasks or even jobs, are known to be instrumental in such a policy. 
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SUMMARY 
120 
This thesis focuses on reproductive hazards due to the working conditions of female 
support staff at hospitals. First, all the available evidence in the literature was used to 
make this objective more specific. Special attention was paid to ethylene oxide, a 
sterilising agent used at many hospitals and suspect for increasing the risk of sponta-
neous abortion in female workers. Evidence from the literature was combined with 
actual exposure data, which led to the conclusion that substantial exposure to ethyle-
ne oxide, in Belgium and the Netherlands, is confined to a small number of specially 
trained predominantly male workers. A valid epidemiological study to assess the 
possible inclination in the occurrence of spontaneous abortion due to exposure to 
ethylene oxide, would require immense international efforts to include enough fe-
male participants who are at risk of exposure and who are planning a pregnancy. 
Therefore we decided to refrain from such a study. Moreover, the results of the lite-
rature study showed that performing hospital support work involves relatively high 
levels of physical activity, while the frequency and level of exposure to hospital-
specific chemical and physical agents is generally estimated to be low. Therefore, 
the objective of the main study was to assess the relationship between the level of 
occupational physical activity and reproduction in female hospital support staff. The 
influence of several aspects of occupational physical activity on the menstrual cycle, 
fecundability, the occurrence of spontaneous abortion, pregnancy duration and birth 
weight was studied. In addition the influence of cigarette smoking, caffeine intake 
and alcohol consumption on fecudability was studied in these occupational groups. 
A prospective epidemiological study was conducted on female hospital support 
staff, aged 18-39 years who were trying to become pregnant. The women were re-
cruited from 39 hospitals from all over the country, where the directors had agreed to 
inform their workers about the study. A total of 7000 women were approached, 283 
of them met the inclusion criteria and 260 belonged to the intended occupational 
groups, clerical, kitchen or cleaning staff. These groups were selected to obtain suf-
ficient contrast in occupational physical activity. 
Data on occupational exposures, working conditions, occupational physical acti-
vity, reproductive history and potential confounding variables were collected by a 
personal interview at enrolment. Follow-up information was collected by a menstru-
al cycle calendar, 3-monthly contact forms and via special arrangements in the case 
of pregnancy testing, the occurrence of a spontaneous abortion or childbirth. Infor-
mation from the obstetricians, midwives and general practioners who supervised 
pregnancy and delivery, was also used. Follow-up lasted for at least one year or, in 
case of pregnancy, until three months after birth. 
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While considering the validity aspects of this study, the presence of selection and 
possibly of nondifferential misclassification was estimated to be of minor impor-
tance. In addition, in our opinion the lack of information on leisure-time physical 
activity, a potential confounder, did not seriously influence the validity of the study. 
A nigh level of occupational physical activity did not affect the menstrual cycle 
characteristics. It is not completely clear wether this was due to the limited size of 
the subpopulation (N=196) who participated in the study on the menstrual cycle, or 
wether it was a reflection of the fact that the level of physical activity in our popula-
tion did not lead to menstrual cycle disturbances. 
This study demonstrated that a high level of occupational physical activity had a 
negative influence on fecundability (Fecundability odds ratio (FOR) =0.6; 95 % con-
fidence interval (CI); 0.4-1.0). The influence was reinforced when the work had to 
be done during unfavourable hours. This indicates that besides the energy require-
ments as such, having sufficient time to recover can be an important aspect in the 
mechanism of conception. Lifestyle factors, such as cigarette smoking and caffeine 
intake, did not influence fecundability in this study group. 
Our results on spontaneous abortion showed an elevated risk for occupational 
physical exertion, particularly when the biomechanical workload was high (FOR=0.4; 
95% CI, 0.2-0.8). Bending seemed to be the most hazardous posture (OR=3.2; 95% 
CI, 1.3-9.8). 
Occupational activity that required a high energy input was found to affect pre-
gancy duration, especially when the activity was intense and conducted under time 
pressure. 
Our study demonstrated that occupational physical exertion, at the levels experi-
enced by hospital support staff, in particular when combined with other strenuous 
work conditions, had a negative influence on various aspects of reproduction. 

SAMENVATTTING 
RISICO'S VOOR DE VOORTPLANTING VAN VROUWELIJK 
ONDERSTEUNEND PERSONEEL IN ZDZKENHUIZEN TEN 
GEVOLGE VAN DE ARBEIDSOMSTANDIGHEDEN 
124 
Dit proefschrift gaat over risico's voor de voortplanting als gevolg van de arbeids-
omstandigheden van vrouwelijk ondersteunend personeel in ziekenhuizen. 
Allereerst is een literatuurstudie verricht om dit onderwerp uit te diepen. Daarbij 
is speciaal aandacht besteed aan ethyleenoxide. Deze stof wordt in veel ziekenhui-
zen gebruikt voor het steriliseren van instrumenten en apparatuur. Er bestaan aanwij-
zingen dat vrouwelijk personeel dat werkt met deze stof een verhoogd risico heeft op 
het optreden van miskramen. Meer onderzoek is nodig. Een inventarisatie van de 
huidige situatie leert dat in ziekenhuizen in Nederland en België slechts een klein 
aantal speciaal getrainde en hoofdzakelijk mannelijke werknemers met ethyleenoxi-
de werken. Omdat een epidemiologisch onderzoek ter bepaling van een mogelijke 
toename in risico op het optreden van miskramen door blootstelling aan ethyleen-
oxide derhalve alleen met enorme inspanningen en in internationake samenwerking 
mogelijk is, is besloten af te zien van een dergelijk onderzoek. 
Uit de literatuurstudie bleek bovendien dat de frequentie en de mate van blootstel-
ling aan ziekenhuis-specifieke chemische en fysische agentia in het algemeen laag 
is. Ondersteunend personeel van ziekenhuizen blijkt vooral qua lichamelijke inspan-
ning belast te worden in het werk. Om die reden richt onderhavige studie zich op de 
vraag of de mate van beroepsmatige fysieke inspanning een negatieve invloed heeft 
op aspecten van de voortplanting bij vrouwelijk ondersteunend ziekenhuispersoneel. 
Van verschillende aspecten van beroepsmatige lichamelijke inspanning is de in-
vloed op de menstruatiecyclus, fecundabiliteit (tijd tot zwangerschap), het optreden 
van miskramen, de zwangerschapsduur en het geboortegewicht onderzocht Daar-
naast is ook de invloed van roken, cafeïneopname en alcoholconsumptie op fecunda-
biliteit onderzocht in betreffende beroepsgroep. 
Bij vrouwelijke leden van het ondersteunend personeel van ziekenhuizen, die tus-
sen de 18 en 39 jaar oud waren en die probeerden zwanger te worden is een prospec-
tief epidemiologisch onderzoek uitgevoerd. Vrouwelijk kantoor-, keuken- en schoon-
maakpersoneel van 39 Nederlandse ziekenhuizen, waarvan de directies toestemming 
hadden gegeven voor deelname, werden uitgenodigd voor het onderzoek. In totaal 
werden 7000 vrouwen benaderd, 283 voldeden aan de criteria voor deelname en 
daarvan behoorden 260 tot de beoogde beroepsgroepen. Betreffende beroepsgroe-
pen waren geselecteerd om voldoende variatie te verkrijgen in beroepsmatige fysie-
ke activiteit. 
Aan het begin van het onderzoek werden door middel van interviews bij alle deel-
neemsters gegevens verzameld over beroepsmatige fysieke activiteit en overige ar-
beidsomstandigheden. Ook werd gevraagd naar hun voorgeschiedenis met betrek-
king tot voortplanting en allerlei kenmerken die invloed op de voortplanting kunnen 
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hebben. Gedurende de follow-up-periode werden gegevens verzameld door mid-
del van een menstruatiekalender, 3-maandelijkse contactformulieren en speciale con-
tacten als er sprake was van een zwangerschapstest, een miskraam of een geboorte. 
Er werd ook informatie gevraagd aan de gynaecologen, vroedvrouwen en huisartsen 
die de zwangerschap en bevalling begeleidden. De deelneemsters werden minstens 
eenjaar gevolgd en bij zwangerschap tot en met 3 maanden na de geboorte. 
In de beschouwingen over de validiteit van dit onderzoek, blijkt dat zelfselectie 
heeft plaatsgevonden en dat mogelijk ook sprake is van nondifferentiële misclassifi-
catie. Naar verwachting hebben deze potentiële bronnen van vertekening de resulta-
ten weinig beïnvloed. Verder wordt in de discussie aannemelijk gemaakt dat het 
ontbreken van informatie over sport en aanverwante activiteiten in de vrije tijd de 
interpretatie van de resultaten niet of nauwelijks heeft bemoeilijkt 
Er is geen relatie gevonden tussen de mate van beroepsmatige fysieke activiteit en 
afwijkingen in de menstruatiecyclus. Gelet op de beperkte omvang van de subpopu-
latie (N=196), die deelnam aan het onderzoek over menstruatiecyclus, kan het be-
staan van een effect niet helemaal uitgesloten worden. 
Dit onderzoek laat wel zien dat een hoge mate van beroepsmatige activiteit de 
fecundabiüteit nadelig beïnvloedt (Fecundabiliteit odds ratio (FOR)=0.6, 95% be-
trouwbaarheidsinterval (BI), 0.6-1.0). Deze invloed werd versterkt als er gewerkt 
werd buiten de normale werktijden (FOR=0.4; 95% BI, 0.2-0.8). Dit suggereert dat 
behalve de energiebehoefte ook de hersteltijd belangrijk kan zijn met betrekking tot 
het proces van conceptie. Leefgewoonten zoals roken, cafeïneopname en alcohol-
consumptie waren niet gerelateerd aan fecundabiüteit in deze groep. 
Een hoge mate van beroepsmatige fysieke activiteit, in het bijzonder als er sprake 
was van een hoge biomechanische belasting, was gerelateerd aan een verhoogd risi-
co op het optreden van miskramen (OR=3.1; 95% BI, 1.1-8.9). Veelvuldig bukken 
tijdens het werk leek het meest risicovol (OR=3.2; 95% BI, 1.3-9.8). 
Beroepsmatige activiteit die veel energie vergt blijkt samen te gaan met een korte-
re zwangerschapsduur, in het bijzonder als er gewerkt werd onder tijdsdruk (tot 18 
dagen korter). 
De conclusie uit dit onderzoek is dat beroepsmatige fysieke activiteit, op het ni-
veau van ondersteunend personeel van ziekenhuizen, een negatieve invloed kan heb-
ben op verschillende aspecten van de voortplanting van werkneemsters, in het bij-
zonder als er ook sprake is van andere belastende arbeidsomstandigheden. Verder 
onderzoek is noodzakelijk om deze effecten te kwantificeren en specifieke oorzaken 
aan te wijzen. 
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STELLINGEN 
behorend bij het proefschrift 
OCCUPATIONAL REPRODUCTIVE HAZARDS OF FEMALE 
SUPPORT STAFF AT HOSPITALS 
1. Dat vrouwen die vroeg in de zwangerschap veel bukken en zwaar tillen een 
verhoogde kans hebben op een miskraam, is meer dan een bakerpraatje (dit 
proefschrift). 
2. Er is een relatie tussen de energetische belasting van het werk van zwangere 
vrouwen en de zwangerschapsduur als sprake is van een hoge werkdruk (dit 
proefschrift). 
3. Cafeïne heeft invloed op de fecundabiliteit in populaties die weinig koffie 
drinken (dit proefschrift). 
4. Het wijd verbreide gebruik van orale anticonceptiva hindert epidemiologisch 
onderzoek naar determinanten van menstruatiestoomissen (dit proefschrift). 
5. "Methoden van dataverzameling" is een verwaarloosd onderwerp in de 
epidemiologische vakliteratuur. 
6. Onderzoek naar de invloed van arbeidsomstandigheden op de voortplanting is 
mislukt als het leidt tot oUscrimiaatie op de arbeidsmarkt 
7. Besides being regarded as a scientific misconduct, publication bias is a marker 
for a much broader issue - ethical responsibility 
(David Moher Lancet 1993;342:1116). 
8. Kwaliteitszorg moet in het hoofd zijn en is in handen van het management 
9. Bedrijfsartsen zijn hun naam waardig als ze bedreven zijn in de advisering van 
zowel werknemers als werkgevers. 
10. Dat de aarde door de toegenomen mobiliteit voor de meeste mensen steeds 
kleiner wordt was en is zeker niet de bedoeling van "De Kleine Aarde". 
11. Emancipatie begint thuis. 
Nijmegen, 7 maart 1997 
Ellie LM Florack 



